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Extensive development of reseaJ^ch in radio chemistry ' 
^ver the' world is stimulated hy the steadily growing '' 
use of atomic power, by the rapidly increasing production 
0^ fissionable materials and by the successful application 
of radioactive isotopes in different fields of science ' 


and technology* 

MO 

In this country a vast program for C(9Wt;ructlpu>/. 


of electric stations or: atomic power is CQ^^ried thto 

effect. According to thd seven-year plan fpp the develop- ■ 
meat of national economy in 1959-1965 the srirrial use ' 
of atomic energy is to be extended considerably. And the 
chemistry of radioactive elements has been an intensively! 
studied field, too. 

j^In fact, the investigation of radioactive substances 
has been a tradition with Russian science. It was begun i 
soon after the discovery of radioactive phenomena and re-! 

I 

ceived special impetus in the forties of this century, j- 

when the new practical possibili:. j opened up by the i 

( I 

fission of uranium became evident'. I - 

Early in 1958 (the author of this paperl^ad a privile-i 


ge to report to the American Atomic Congress in Chicago ) 


iHi f. i / 


on the (^status! of radiochemical research in the USSR > 

The present review contains information about the most 1 

‘ 

important results of Soviet work- on radiochemistry carried 
out in, 1958-1960. • , ^ . i 
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'^ocryscaillzation and adsorption remain very impor- 
tant processes when radioactive elements are isolated 
from dilute solutions. 

As established by iChlopin and his schoolQ^* 
the ‘distribution of microscopic quantities of an isomor- 

ciystalline and liquid 


phous substance between the solid 
phases obeys the following law: 


J 


(1 - x) 

where x and (1-x) are microcomponent ratios in the solid 
and liquid medium; y and (1-y) are the respective macro- 
component ratios; D is the fractionation coefficient. 

In other words, van't Hoffs theory for dilute solutions 
Is applicable to the case where isomorphous mixtures j 
representing dilute solid solutions are formed. In this 
case the distribution of an electrolyte in a state of ext 
reme dilutionj between the solid crystalline phase and the 
liquid phase] is analogous to the distribution of a dis- 
solved substance between two immiscible liquid solvents, 
which is known to obey Berthelot-Nernst law. 

The ^fractionation coefficient, D, is a constant voJiei 
j^uantit^, independent of either the microcomponent concen- 
tration in the solution or the amount of solid pha^^li^j 
ated from the latter, provided that the precipitate and 
the solution are in equilibrium and that the chemical com- 
pounds present in the liquid and solid phases have the 
same compositioa* 
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What has been just stated here [has been confirmed 


\/ 



V 



by a thorough study of more thaui 30 systems of true ' 
isom^rphous substances, viz., BaCl 2 -RaCl 2 -H 20 ; 

Ba(NO^) 2 -Ra(NO^ ) 2 -H 2 O ; Ba(NO^) 2-Ra(N0^ ) 2-HN0^-H20 ; 

B aCr0^-RaCr0^-H20 ; U ( ( SO^) 2-H2S0^-H20 ; 

Na 2 Te-Na 2 Po-H 20 amd others. ‘ 

For the isomorphism of second kind (Grimm’s mixed 
crystals) the lov/er limit of miscibility has been estab- 
lished; the microcomponent begins entering the macrocompo- 


nent crystals 


if its concentration attains a certain mini- 


C ' 

mum (above 10 - 10 %)*puff icient for the micro component | 

I lC 

to build its own crystal .lattice. In this caseM;he isolated 


crystals have a mosaic structure. The existence of a lower 
miscibility limit has been borne out by the results obtain- 
ed in investigating a number of systems, viz., KClO.-HafiO. ; 
KC10^-Fb(RaD)S0^; KMnO^-fiaSO., and others. 

RorVanomalous mixed crystals//too //the lower miscibility 

/ * 

limit has been stated in several different instances, viz., 
systems ira[^Cl-ReCl^-H 20 ; I3H^01-MnCl2-H20 ; Ba(N 0 ^) 2 -iiiethyl- 


ene blue; and others. It has been found 


that with certain 


microcomponent concentrations j a true stable equilibrium 


I 


between these* Crystals and the solution is possible, in 
accordance with Khlopin’s law (^). 

Khiopin’s investigations have shown that in the case 
isomorphous substitutions crystals become homogeneous 
through a long recrystallization of the precipitate in the 
saturated solution and also when the crystals of mactocpm- 
ponent are precipitated from a supersaturated solution by 
rapid mechanical stirring. . 
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xa we±i to noue uuac tae latter technique (the 



n/ 


isothermal "breakdown of supersatoi’ation) led in several 
experiments of different authors to atn non-homogeneous 




distribution of the microcomponent in crystal layers, obey 


ing Doerner-Hoskins’s logarithmic law (^) : 


In 


a - X 


In 


b 




where a and b are the amounts of miLcro— and micro^-'compo— 
sent in solution before the [iiberatia^ of the solid phase; 
(a-x) and (b-y) are the respective amounts after^^^'^^^ 


j^ioi^; is the fractionation coefficient, 

The v/ork done by Khlopin and collaborators was of 
greqt value in principle, but the mechanism underlying 
the forma Lion of anomalous mixed crystals was not brought ■ 
• to light and the application of the distribution law to 
systems containing crystals of mosaic structure was rather 
formal* The nature of the i^nternal adsorption systems 
described by Hahn ') was not explained either* 


to develop re- 


Soviet radiochemists have done much 
search on the line initiated by Khlopih* In recent years 
they have secured abundant experimental evidence in sup- 
port of his conclusions. From these data it is evident 


at the same time 


I that in the case of .anomalous mixed 
crystals and inL'ernal adsorption systems j cocrystallization 
phenomena are a matter of great complexity. 

Grebenschikova and collaborators have shown 
that on isothermal breakdown of super sat oration in 
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solutions the distribution o£” the microcomponent can fol- 
low both Khlopin*s linear law and the logarithmic formula 
of Dq^er-Ho skins. Under constant conditions of experi- ■ 
ments the behaviour of the microcomponent depends on the ; 
solubility of the precipitate, on its ability to give 
supersaturated solutions, on the relative rate of crystal 
growth and on other factors. To put system K2SO^-Ce2(SO^]^ 
- HN0^-H20 as an example, a very good coincidence with 
Khlopin*s law was observed (D = const) when HNO, was a 
1.5 N solution, whereas with an 0.5 N solution of HITO^ 
Dofeer-Ho skins ’ s law was followed ( X rr const). The solu-, 
l>ility of the double salt precipitate is considerably 
higher in 1.5 U HITO^ than in 0.5 U HNO^, which makes its 
recrystqllization easier* 

In studying the coprecipitation of La^ and 

5 + 

Ce with K2S0^ it w^as found that anomalous mixed crys- 
tals having no lower solubility limit are formed in the 

£2804-^3312(504)^-0.5/^0^ systems. La^"**, Oe^*** and 

are distributed within the K2S0^ crystals according to a 
logarithmic law with constant 1 values, I which are dis- 
tinct for each of the microcomponents, viz., ^ qq - 15, 

^ La ^ ^ Am™ These values of \ do not 

change when the respective elements are present together. 
Foreign ions (Fe^*^, Al^, Bi^'*’) have no effect on the var. 
lue of the fractionation coefficients found, and soothe 
formation of internal adsorption systems is here impos- ' 
sible. 

For systems with a lanthanum * salt, l‘a2(C20^)j/.9H2P or"' 
£^La( 60 /j,)^, as a ^m|cro component and with Eu^, 
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V 


and the lower misclliility limit vias absent. Especially in- 


teres ting is the fact 


that tetravalent plutonium enters 


into the lattice of lanthanum salts to form 


in spite of the 


difference in valence,! ordinary mixed crystals instead of 
anomalous. Its concentration varied from 2 x lo*”^ to 

7. X 10 


rl 


M 


in the case of the double potassium lanthanum 
sulphate as macrocomponent and from 4 x 10“*^ to 5 x 10“% 
id the case of lanthanum oxalate. 

that all oi the multivalent ions in— 


Essential also is 
vestigated (trivalent - fcetrava- 

lent - are captured by the KgSO^ crystal 

lattice without a lower miscibility limit. It has been sug- 
gested by the cited authors that the microcomponents men- 
tioned enter into potassium sulphate lattice in the form, 
of double salts, .which are formed at the surface of ’ 

Also the penetration of Pu^ into the KjLa(SO^), lattice isj 
explained by the formation of a complex ion /PuCS O^^) in 
the sulphate solution, this ion being able to replace the 
AaCSO^/’ ions whereby an anion is introduced into the ' 
interstitial space to compensate the charge. ^Increase or 
decrease in the concentration in solution brings about 

a reduction of the fractionation coefficient of the 
/P^(S0^)3/ ion. Similar results of these investigations ! 
it has been proposed that the instability constants, 
of complex ions 


formed by the microcomponent should be 
computed from the observed values of the fractionation 
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ooefflcieflta. Thus, for the oxalate complex Pu 4 + 
/Pa(C20^)/2^ the following formula was used: 

2 -' 




[W'J 


in* 


■■ 


Here Is the fractionation coefficient in the presence 
of complex formation, is the fractionation coefficient 
when no complex, ia formed. The value of found to 

tie 5,2 I lO""^ « 10^. 

M E.U.Ioffe ( )^^hSTarrived at a similar conclusion, 
iooording to her, the formation of anomalous mixed crystals. 


in some oases at leaot, is due to tile structural analogy 


between the maorooomponent and the complex salts 


ty It^with the microcomponent 'rather than to the 


sraphio similarity] of the initial substances. 


forned 

oryatallo- 


in the case of a true iaomorphiam 


ao observed 


She experimented with^ayatema consiatins of 
HH^Cl and of ohloridea Hi^*^, Cd^*^ 


2 ^ 

and Co , and with some organic sy atoms containing 
iaorsanio elements . Of the nine systems she investiga- 
ted sis undoubtedly had a lower limit for the forma- 



to decrease sharply 

with/^ miorcfemponent concentration in solution). For 


the nn^Ol- CuClg and HH^Cl-MnClg systems the fractionation 
coefficient remains invariable] within a wide range of con- 

^ A M ^ ^ a « ^ . _ 


' 2 - 


4 

centration. In this ease the complex ion /MnC1..2H20/' 
seems to replace the 2 BH+. 4 G 1 " groups in the ITO.Cl lottio«>J- 


'.V 


t’ . 
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In the sy stems containing iron or chromium ohlo- 
ridea the oomplex ions /PeCl^.HgO/^" and /CrCl^.V^O/^~ ere 
present, which are incapable of the substitution jnet 
mentioned. 

Similar results have been obit^jined with systems 
containing two microcomponenta each, viz., with 

^2^ snd KH^Cl— PeCl^— CrCl^— HgO. Here man** 
ganeae and copper retain the values of their distribution 
coefficients* 2he distribution coefficient of chromias is 
somewhat higher in the presence of iron* The reason for 
this, as suggested by that author, is that on the precipi- 
tation of cry stale the complex anion /CrCl^.H^o/^* is de- 
posited on the ready portions of the lattice which are 
formed by the comples anion /PeCl^.H^o/^" iaoDorphoua with 
them* 

M. S.Merkulova andvcollaborators have investigated 
the copr eoipita tion of divalent metal ions with selto 
forming crystals of sodium chloride structure. The syetema 
studied were NH^I-Pblg,- NaCl-PbCl^, KaCl-SrClg and 
NqC&— C dCl 2 * has been found that the microcomponento are 

alow to comejto equilibrium in these systems* This oorree- 
ponda to the mechanism of solid solution formation* The 
distribution of the Sr^*^ and Cd^ ions in the 

volume of solid phase is uniform, as shown by the fact tliat 
fractionation coefficient D is constant for a given con- 
centration of the distributed substance. On the stren^ Of 
the experimental data obtained it is suggested that formed 
by microscopic quantities of PbCl 2 , ^^^2 ^^2 
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HaCl cryatala are solid solutions of limited miscibility 

I 

The results obtained in experimenting upon the joint 
oopreoipitation of microscopic quantities of both Fb and B1 
with WaCl were used for a quantitative separation of lead 
and bismuth isotopes. Those experiments had shown that micro- 
quantities of FbCl 2 were distributed between the 

crystals and the saturated solution of sodium chloride in- 
dependently of each otheh, either having its own distribu- 
tioncoef fioient. The absolute values of fractionation coeffi- 
cient are strikingly different: Dp^ - 200, « 0.5. By a 

j twofold precipitation of sodium chloride from a super satu- 
rated solution containing and EaS the lead and bismuth 
isotopes can be separated completely (^^). The same authors 
used non-isomorphous systems NaCl-PbCl 2 -H 20 and 
NaCl-CdCl 2 -H 20 for a thorough study of the mechanism under- 


1 


lying the formation of limited solid solutions. To that 
purpose they •. investigated the dependence of the microoompo— 
nent concentration in the ablid phase upon the overall conoen- 
tration of the impurity in the system. An upper miscibility 
limit v7aa observed in these systems, and a Langmuir type 
of equation ( ) was found to describe the variation of the 

impurity concentration in the solid phase as a function of 
its overall concentration in the system. 

^ubjected to a theoretical discuasion|w^sTtheJ^'for- 
mation of solid substitution solutions at the main crystal- 
lization stages, viz., when the crystallization centres (nu- 
clei) are forming and during crystal growth. These theoretical 
considerations were checked by experiment. To' reveal the oopre* 
ci'pitation regularities during nucleation of the crystals 
the fluctuation theory was resorted to. It has been shown 
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that no equilibrium is established jwhen the radioelement is 
beins distributed between the nuclei and the superaa* 
turated solution in which they are forming. The concentration 
of the radioelement in the volume of the nuclei is close to 
its concentration in the initial solution. On the modern 
crystallization concepts it has been established that the 
impurity can be so distributed aa to be either in or out of 
equilibrium depending on the conditions of crystallization: 
the solubility, surface energy and density of the macrooom- ■ 
ponent crystals, the mode and rate of nucleation, the tempera- 


ture, etc. 


_L 


hy adjusting suitably these factors jthe reorystalli- 
zation of the solid phase can be repeated many times during 
an experiment, and the distribution coefficient D in equilibria 
Oja can easily be determined, bn the other hand, the conditions 
of crystallization can be so chosen that there will bej no re- 
crystallization during the experiment. In the latter case the 
regularities in the coprecipitation of microimpurity with the, 
growing macro component crystals can be studied (^^). 

Investigated by exoeriment was the formation of the 

i 

solid macrocomponent phase on the precipitation of NaCl ' 

crystals from a slightly supersaturated solution wfeen it is 
being stirred. It has been found in these experiments that 
accumulation of the radioelement in the precipitate taken 
place when a constant number of nuclei of critical size ; 

t 

are in progress of growth. In studying the phenomena 

taking place at the surface of a growing submicrpn a quasi- 
crystalline model of liquid was used. The radioelament co- 

precipitation mechanism was considered at a stage 
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of dynamic adsorption exchange between the crystal aorfaoQ 
and the solution and at a stage, when a new monomole^ular 
layer is being regularly deposited on the surface of the 
crystals of carrier. The main relations were deduced which 
govern the transition of the impurity to the surface layer 
and the distribution of the radioelement in the volume of 
the carrier crystals under different conditions of crystal- 
lization# The theoretical regularities were borne out by 

experi£ 29 nta with several different systems, viz., NaGl-PbCl2i 

-14 




NaCl-CdCl^, NaCl-TlCl and KaCl-InCl^ 

Theoretical investigations on the distribution of ions 
between the solid and liquid phases and on the kineticn 
of the process by which the respective equilibria are attai- 
ned have been made by Sirgintaav (^^). His thermodynamic 
calculations have revealed a profound analogy between 
the cocry stalliza tion and \adaorption phenomena. He obtained 
for the ooprecipita tion, isotherm the equation 

- r )/ 


where is the distribution coefficient ..(the ratio of the 


micro component concentration in the solid phase to its 
concentration in the liquid phase) , ,m is the number of ions 


into which the microcomponent diaaociatea (m » 5 




K 




\ I » 

) and are the rate con- 


stant© of adsorption, respectively desorptioni; of the 
microelement at the crystal surface ; and Kg are the 
rate constants of the molecules^ leaving -the surface for 
the volume of the crystal and of those coming to the sor- 




fasE from within respestlvely) j ;■ ia 'the amoont of micro- r. - 

v» 'i; 'y I' of wheu the ccj/'A-d?? *' ■ 
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tration of the microcomponent in the solution is infinitely 




large, whereas the macro component concentration is invariable 
P is the microcomponent content in one mole of the orystal. 
In the region of poor filling 

p 0^ - r ) 

where oC ia a constant, is the microcomponent concentration 
in the initial solution. 

This equation accounts for the appearance of a lower 
miscibility limit: as the microcomponent concentration 


goes down 


stant. 


so does also 


i.e., the mixed 


the value of the distribution con- • 


crystals become lower in the micro- 


is 


component. The absence of a lower miscihility limit j 
connected with the formation of homogeneous anomalous mixed 
crystals, which from the thermodynamical standpoint repre- 
Dsnt a single phase. 

The kinetic method was use^ in computing the distribu- 
tion of cations between the solid and liquid phases for 
anomalous mixed crystals when no microcomponent aggre^otea ' 

j 

are formed in the macro component crystal. Equations eatab- | 
liehing a relation between the time of recry stallization and ^ 
the amount of microcomponent in the precipitate were obtained. 
These equations for true isomprphous ay sterna remind of a aim- ? 
pie exponential law of exchange, differing only in pre-expo- ’ 
nential factors. 

Murin and Pliner too have investigated the forma- ; 

i 

tion mechanism for anomalous mixed crystals and theore- 
tically derived analytical expressions for the activity of ! 
the microcomponent in heterogeneous systems. There are grounds 
I to suggest that no anomalous mixed crystals will form unless ' 

I , • . • ^ ^ 

— ■ . the ni;mber of microcomponent particles in 1 m,llliiitre 
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. j 




v/ 


aolution, C, exceeds a certain critical value, C 


cr* 


at 


which, the monolai^er on the crystal surface hecomea un- 

stahle and disintegrates into two stable surface phases* 

If C>C the monolayer of microcomponent (the "guest”) ia 
or • 

stable enough to defy it's replacement by the macro component 
(the "host") when the latter is in progress of crystal growth© 


If C < C , no formation of condensed phase will take place* - 
cr ♦ 


Considered ia also the role in those processes of 
the association of particles on cocryatallization to form 
complexes in the broad sense of the word, 

Gorstein (^'^) has published a series of papers on 
the role of the physico-chemical state of the impurities 
in the- processes of their fractionation on crystallization 
or when inorganic substances are deposited from aqueous 


solutions* 


Neu data have been obtained on the distribution of 
the microcomponent between the melt and the crystal phase* 
V.R.Klokman and collaborators ( ) have found that anomaloaa 

mixed crystals do form^ in the LaF,-RaP 2 system when Ian- 
thanum fluoride is Qiberate<5 from the E? or Eb? melts, yet 
there is no lower limit of miscibility. The value of the 
fracti^tion coefficient depends o^the chemical nature of . 
the second component: the value of I) is about 2,5 times as 
great in the KbP melt as in the EP medium* It is of inte^ 
rest to note that enriched by the microcomponent in these 
experiments was the solid phase and not the melt, as iat 
observed usually* The introduction of microimpuritieQ 
( Ca , ) had no influence on the value of the fraction- 

ation coefficient* Emphasized in this work, as, indeed, in 
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some other investigations, is the important role of complex 
■ formation in the melt in course of fractionation# 

The study of the distribution of RbCl 2 labelled 
with ThJB between the melt and the LiCl, NaCl, ECl anclEBr 
crystals has shown that the halides of alkali elements having 
the lattice of NaCl type do not capture lead in apreciable 
quantities# So there is a striking difference between the 
behaviour of lead ions in a melt and in aqueous solutions# 

The authors of the papers cited explain it by a strong de-r 
pendence of the fractionation coefficient upon the tempera- 
ture. 

Adsorption of radioactive isotopes from solutions 
has been the object of a number of investigations, Thao 
l.S.Starik and collaborators have been engaged on the 

study of soma essential problems bearing on the relation of 
adsorption processes to such factors as the chemical proper- 
ties of the ions, the nature ^of the sorbent and the environ- 
mental conditions# Heavy elements of the main subgroups in 
I and II groups of the periodical table are adsorbed on glass 
and other oorbents of ionite type in the form of positively 
charged ions, being unable to form colloids even in ultra- 
small concentrations# Heavy elements in the III - VIII groups | ’ 
form true colics, starting from pH » 2-7 upwards# The adsorp- • 
tion of these elements is based on their hydrolytic capacity. 

On the adsorption curve there is alwajiQ a maximum. The ' ! 
rise of the curve is due to the ionic portion, its decline, v 
to the colloidal portion. i 


V 
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on phosphates. The highest adsorptive capacity towards 






the HPO. ion was displayed. by Haases which had the shi^- 


eat dielectric constant and whose surface was the least ne- 
satively charged. The presence on the slaas surface of forei^j 
multivalent cations increased the sorptive capacity. 

Adsorption of radioactive isotopes 
Th and Cs^^*^ without ion exohansej was 

measured on paraffine and fluoropla at-4 in a nitrio 

acid solution (0.1 - 5 N HNO^) a notable adsorption of Zr^^ 
Nb^^, Th^^"^ and is observed, owin£, probably, to the 

formation in the aqueous phase of neutral complexes corral 
ponding to the genera^ormula /Me(0H)^(N0^)^^^, If NH^NO^ 
and are added, the adsorption diminishes several times,' 

apparently on account of salting out effect* If the acidity 
of the solution increases to 12 N, the adsorption of Zr^^and 
Th decreases, whereas the adsorption of Kb^^ and Pa^^^ 
changes insignificantly. The author's explanation of this 

fact is that Zr^^ and form a complex with HNO-^ The ' 

137 204 ^ 

Ca and T1 ions (in monovalent form) are not adsorbed 

either on paraffine or on fluoropla8t-4,; because they refuse 
to form neutral compounds under the investigated conditions. : 

The regularities displayed by the adsorption of 
radioisotopes on various precipitates have been investigated 
by N.E. Brezhneva and collaborators (^^). Eepeoially, when 
the secondary adsorption of cations on an iron oxyacetate 
precipitate was measured quantitatively jwith allowance for ’ 

t t 


complex formation. 


and the pH value of the solution 


as well 


as the surface areajof the precipitate formed iwere deteimia 
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it was found that within a wide ran^e of concentration of the 
adsorbed oationa the adsorption isotherm is described by 

A l/ n 

a = Ae*^ 

where q. i6 the amount of the substance adsorbed in 1 g of 
precipitate* The coefficient n is independent on^ the pH of 
the solution anc^s a fundlon of the charge of the adsorbed 
cation, whereas the coefficient A depends on the pH value, 
which influences the specific surface area and the formation 
of an electric double layer at the solid body - solution 
interface. 

It has been established that the adsorption iso- 
therm for cations on precipitates of the hydroxide type can 
be represented in a developed form by equation 



q 9 I Aq(pH - pHjj) 0 

where is a quantity proportional to the specific 

surface area of the precipitate; pH^ is a value of pH at 
which the adsorption of the particular cation begins. 

The sorption of various radioactive isotopes 

and on alumlnlom hydroxide 

precipitates has been investigated by S. A. Voznesensky and 

o o 

collaborators ( ). The teats were run at 20° with micro- 

concentrations of the isotopes. Practically there was no 
sorption of cesium under test conditions; for the other iso- 
topes sorption was a maximum at certain pH values, viz., at 
7.0 for Ru, at 7*5 for Ce, at 9.0 for Sr. As the temperature 
goes up, the adsorption of Ce and Ru grows, whereas the ad- 
sorption of Sr remains practically invariable. The authors 
suppose that the Su and Ce ions are adsorbed by a ion exchange 
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mechanism, while the sorption of strontium is due the fornia- 
tion of aluminate* 

Considerable work has been done on the chromato- 
graphy of radioactive elements. General questions concerning 
the use of ioniteo in radiochemiatry have been dealt with by 
B.P. Nikolsky (^^). If the salt background (the concentration 
or activity of the macrocomponent) is constant, the activity 
c/oefficient of the aaicro component will be constant too. The 
coefficient of- microcomponent ion distribution between 
the ionite and the solution Is independent on the 

microcomponent concentration: 

Zt n Zt/ 




K 


ff) ' 


Here and O 2 are the concentrations of the respective ions; 
£ (^) is a factor containing the activity coefficients of 
the ions in the resin and in the solution? r and ar© 
the amounts of adsorbed ions belonging to the microcomponent 
and macrocomponent respectively; and Zg are the valencioa 
of the respecitve ions; K is the exchange constant. 

This equation is generally used in solving various 
radiochemical problems, . 

Some theoretical problema connected with the use of 
the frontal method in the chromatography of ion exohang© 
complex formation for the production of pure preparations of 
radioactive isotopes have been tackled by K.V.Chmutov and co- 
-workera (24). The authors have analysed the principal factors 
controlling zonal motion in a frontal analysis. of a mixturo. 
of complex ions present in macro- and microconcentrations. By : 
means of the equations they have obtained for adsorption 

iaotherffifs and for the frontal motion of the second oomponontj 
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the coefficient of microcomponent enrichment and that of puri- 
fication of the macrocomponent can he calculated. 

This method has been tried by experiment on a mixture 




1 


of ethylene diafflino[tetraacetate 

/> I * 


ponent) and Sr^'^(microcomponent) * The reaulta are in good 
agreement with the theory® i/Vith regard to the purification 
of the macrocomponent, the frontal method has been found to 
be 18 times as efficient as the ion-exchange displacement 
method. 

^The influence of temperature on ion— exchange ec^uili— 
brium has been studied by Matorina and Popov (^^). Their 
theoretical statements are confirmed by an experimental ana** 
lyais of temperature variations in ion- exchange sorption of 
and of fragmentary isotopes - Sr®^ and 

An important Cycle of research is formed by investi- 
gations into the action of radiation on ion-exchange resins* 
Various types of resins in different m^edia have been investi- 
gated® They were acted upon by X— rays, gamma-rays and by h i ^ 
energy electrons* Prosku]^n and co-workera have shown 

that the rQdiation destruction of ionites is accompanied by 
incrooQQ in their static exchange capacity® This is evidence 
that the number of ion- exchanging functional groups, especial- 
ly hydroxyls, increase in the ionite^' 

(senyavin et al® have investigated three typical 

their resistance to X— rays and gamma*rayo, viz®, 
Ell^l ( sulphQcationite of the phenol— formaldehyde type), 
(sulphurated copolymer of aterene and divinylbenzene), and 


complexes of Ca (macrooom— 
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Ij®^4 (aaponifioation prodaot of a copolymer formed by methyl 
met€orylate and divloylbenzene with carboxyl functional 
sroupa). It has been found that the effect of radiation la 
to indues competing processes of destruction and orosa-lin- 
Mas. 2 he chemical alterotlons caused by radiation are deeper 
in resins of aliphatic structure than in those aromatic cha- 
racter. Qualitatively the functional grodpa of the cationitea 
studied are resistant to radiation, though they decrease some- 
what in quantity. The highest resistance was shown by the 
oatioxLitQ* 

Kiseleva and Chinatov have subjected the KY —2 

cationite to boEbardsant by high energy electrons. As the 
radiation dose inoroased from 10 ^^ to 10 ^^ eV per g of i 
resin the exchange capacity for the functional group H30^ 

diminished, and ion-exchango groupo trith pK = 4,3 and ^ 
aQde their appearance. The resin partly passed to a aolublo 
statQp By irradiating the KX^Z cationite in different 
Qolutions (0.5 BT HNO^, 0.5 N CH^COOH and 0.25 K solution 
of ammonium lactate) noi? functional groups can bo made 
to appear even with a dose of 10^^ eV per g of resin. 

Worh in the field of - chromatographic separation 
of radioactive isotopes has been so extensive that only 
a few inatancQs can be referred to here. Especially strong 
is the number of investigations concerned with the separa- 
tion of fcagmentary rare earth isotopes. TonitsJcy and ool- 
laboratora ( ) have developed a theory of chromatographic 

separation of rare earth elements in which account 1 q taKen 
of statistical factors (the ratio of sorption coefficients 

> * 
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of the separated ions) and of kinetic factora (the rate of 
diffusion of the ions in the sorbent grains), their rate 
of diffusion to and from the grains in a flow of solution, 
longitudinal mixing and diffusion). Experiments have shown 
that the diffusion coefficients of rare earthelement s grow 
in the order of their atomic numbers. On the suggested theo- 
ry the optimal conditions forr the separation process and 

t 

its duration can be computed. 

The separation of fragmentary rare earth elements 
by means of lactic acid and pyrophosphoric acid solutions 
has been studied by Maslova, Nazarov and Chmutov (^^). The 
authors measured the stability constants of lactate comple- 
xes of some rare earth elements and were able to show that 
the use of pyrophosphoric acid for the chroma to graphic separa? 
tion of rare earth elements holds promise of success. . ; 

Preobrazhensky et al. (^ ) determined the separation • 
coefficients for all rare earth elements, when ammonium lao- i 

t 

tate is the complex former, and compared them with the aval- j 
lable literary data on the oxyisobutyrate and glyoolate of 
ammonium. The authors found that heavy rare earth elemanta 

i 

are separated better with ammonium lactate, while for those | 
of smaller atomic weight ammonium oxyisobutyrate is pre- 
ferable® 

To find out how the proceaaes involved in the chro- 

)■ 

matographio separation of Y from Ce and of Pm from Nd are I 
influenced by the number of carbon atoms in the chain of I 

same oL-oxy acids has been the object of experiments arran- 

I 

ged by Spitsyn and Voitekh (^^). They made use of the folio-, 
wing acids as complex formers; glycolio, lactic, o6-oxyiso~ 
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I batyrio, c^-oxyieovaleric and oC-oxyiaooaproio. The experi- 
ments were run by a static method as well as dynamic. It 
has been found that "the separation coefficient of rare earth • 
elements is higher the stronger the proton bond in the • 
o^oxyacid, i.e., the weaker the adiid. Increase in the size 
of the addend (e.g., in the case of oi-oxyisooap^^io acid)' 
brings about a weakening of the complex. The re for 006- oxy- 
iaobutyrio acid is the beet : eluant. 

Lavrukhina and co-workero have suggeeted the 

use of trioxy gl atari c acid for the separation of fragmentary 
rare earth element □ (la, Ce, Pr, Nd). She has also studied 
the effect which the quantity of elements has on the shape 
and position of the peaks on the yield curve in ohroisa— 

tographio ion-exchange Reparation of rare earth elementn. 
io the quantity of elements goes down the rate of their 
washing out goee up in a number of cases. This is probably 
beoauso the equilibrium in tho washing out solution ia 
shifted towards the complex form. With ultraamall concen- 
trations the observed shift of the peaks can unfavourably 
affect tho outcome of the separation proceso. 

For some closely related elements the chromatogra- 
phic methods of their separation have been made more effi- 
cient by B.N.Laakorin and collaborators (^^). This they 
achieved by the use of appropriate complex formers, where by 
diminiohing the effective concentration of the ions separa- 
teds which in first approximation is tantamount to deoreaae 
in the quantity of the separated elements. Difference in the 
constants of complex formation is prone to increase the 
. separation coefficient* The authors have, investigated 

nine specimens of cationites and 12 complex formers for 
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the separation of radium and bariumo Moat effective were 
the following acida: citric, nitrilotriacetic and eth^^lene- 
diamine tetraacetio* The rate of production for barium was 
50 hg/hour per 1 of column croas-section. 

Spitsya aad Kuzina liberated a fota milligrana 

of teohaeolum from impurities by a chromatographic teohniquo* 
Spitsyn and D'yacbkova i ) evolved a chromatographic method 
for the separation of protactinixim, zirconium, titanium and 
niobium in a oolum with manganese dioxide. The sorption 
of Pa and flb from 10 iJ HEfO^ permits Zr and Ti to be se- 
parated. Conditions for ths separate washing out of Pb and 

o 

Gb from the column were chosen after studying ths coefficient 
of their distribution between nnOo and the solutions. 

poncIc.T-a&6t ^ 

By this method vie^^i^o^/quantitioo of radioci^mically pure 
251 

Pa ^ wore obtained. 

Inorganic ionites are of great interest on account 

\ 

of their resistance to radiation. Kraus (^) is known to 
use zlrconyl phosphate to this purpose. In the Soviet 
Union zirconium based ionitoo have been iavestiCD|rad by 
Bresler and co-v3orkers ( )» viz., the sulphide, ohroraato, 

arsenate, oxalate and carbonate of zyrconyl. The investi- 
gations have shown that all of these compounds have ion 
exchange properties. Uhen taken in the Hv form, they se- 
cux?o a good separation of related elementSjO. g. 

and others. Ac tha washing (Solution, 0*05“0.5 K EQL 

the 

was employed. The enrichment obtained for/^icrooomponent 

2 ^ ' 
ranged from 0.5 s 10 to 10 . 

Soviet radiochsaicto have been paying considerable 

attention to problems connected with the 0;?paration of radio-^ 

active elements by extraction. As is well known, the extraO"* ■ 

\ 
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»utia-wiae applicatloa la radio- 

cbamloal induatay for the separation of uraaiua, plutoaius, 

■ aad fragpeatary elc=:ab.-, as vroll as for the produotloa 
of pure uraaiun coapouado. Bsperienoe acouaulated la this 
field was extended to other radioelexents, ohere It contri- 
buted to ooneiderable progress. And though applied radio- 
cheaistry is beyond the soope of this reyieu it seems appro- 
priate to dnell briefly on the work done in ths USSB in 
connaotion with the main extraction techniques. 

Vdovenko and collaborators (^) have inveatl- 
satod the solubility of various hydrates of uranyl nitrate 
in diethyl ether and used the methods of Physico-chemical 
analysis for determining the composition of the compounds 
here formed and containing water and bound solvent ata tlms. 
A systematic study has also been carried out of ths uranyl 

nitrate distribution between aqueous solution and diethyl 
athar. 

\ 

j Vdovenko and Smirnova have measured tha 

/ distribution of uranyl nitrate between aqueous solutions and ■ 

various ethers and esters, -fha highest equilibrium constants 
of the processes taking place hero ware found with dllsoamyl 
ethsr, chlorsx, isoamylbonaoato and dibuthyl ether. More- 
over the authors investigated tho composition uranyl nitrate 
hydrates formed by extraction of aqueous solutions with 
diethyl ether and dibutyl ether in ths presence of salting 

out agents (©(03, Wail03, 03(^03)2-^1120, A1(N03)3.9H20). la 
diethyl ether thsjsalts capable of binding water deoroaso 
ths hydration of uranyl nitrate, shia does not occur in di- 
buthyl ether, apparently because tha hydration of uranyl 
- nitrate in this solvent is slight. Addition of diluents 
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1 >' Dnags aooac a aacroasQ ia tha hydratioa 

' of uranyl aitrato aad tiia extraotiog power of the solveat? 


ia reduced too. 


Problems couaected with the structure of th© ooor- 

diaatiOQ sphere of uraaiua ia various or gaaic solvents havQ 

42 

been discussed by Vdova oho et al. ( ). 

Shevchenko and co-workers have investigated 

the use of tribute l^hosphate (IBP) as a solvent* They measa- 
red the polarisation and dielectric constant of TBP mixtores 
with VQiJlotia diluents and came to auggest that the distri- 
bution coefficients of oranyl nitrate are definitely con- ; 
neoted v/ith the polar properties of the TBP-solvent system^ ) 
Investigation of the influence of TBP hydrolysis 

products on the extraction of plutonium has shown that prao— ; 

.! 

tically this process ia not affected if the admixture of 

\ 

monobutyl phosphate ia belov/ 0.001 mol/l or that of dibutyl 
phosphate ia below 0*0001 mol/l* Yet with higher q.uantitiea 
of these eubstanoes the distribution coefficient of pluto- . ! 

nium rises considerably, owing presoc^ljly to complex 

i 

formation in the aqueous phase* 

Rosen und Moiaeenko have investigated the in- i 

fluenoe which the concentration: .. of HNO^ and uranyl nitrate 
exert on the distribution of Pa (IT) and Pa (VT) in the oaoe ! 
of extraction with a 20 /o ’ solution of TBP in Bydrogena^l 
ted kerosene* In the absence of uranium the increase of 

concentration loads first to increase and then to de- 
crease of the Pu distribution coefficients* The dependence 
of plutonium distribution coefficients upon the acidity in !’ 

li 

the presence of uranium was found to be different for 
Pa(XV) and Pu (VI)* The observed relations .can be accounted I 


Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 

. for ty the fact that the saltins oat effect of macronitra- 

tea In the aq.U 0 oaa phase is coabined with the di splaciiigi 

effect in the organic phase. 

'Y ^Experiments with the extraction of uranium by TBP 

from hydrochloric acid solutions hQVe shown that the comp~ 
ound UO^Clg.STBP is formed in the organic phase 

A large number .of different solvents have been 
tried for the extraction of uranium, platoniam and other 
radioactive elementa^j 

JQ 

Laskorin, Zefircro and Skorovarov (^) have inve- 
stigated some dozeno of organic solvents which seemed well 
fitted for the extraction of uranium from solutions and 
ore pulpa. Among them were eaters of carboxylic acids, 
phosphoric eater, phosphinic eater as well as liquid catio- 
nites and anionites. Some of these substances were used 
with diluents. Most promising for uranium extraction from 
nitrate media are isomyl acetate, dimethyl phthalate, 
dibutyl ether and a 5-10j5 solution of TBP in kerosene* 

For uranium the diisoamyl ether of methylphosphi— 


nio acid proved to. be effective ao a solvent. With it the 
distribution coefficients are higher than with TBP. Tho 
composition of the complexes which this extracting agent 
forms with uranyl nitrate and has been determined ( 

A syatemotio investigation of the complex forma- 
tion by uranyl nitrate with various organo-phosphoros com- 
pounds has been carried out by M.F.Pushlenkov et al*(^^). 
j^e authors have found the phosphoryl group to play an 
^ important part in Ihe formation of uranium' complexes; 
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of addenda (O^HgO)^!^ > (C^^PO. The atatility 

conatanta of complex compoanda formed by aranyl w^ith TBP, 
di-n-batyl ether, n-butyl-phoaphinic acid and tri-n, -butyl- 
phosphine oxide have been determined. 

It haa been shown that an acetate compound of urani- 

cn 

uja can be extracted with aniline ( ). Thereby a triaoGtate 

complex is formed with aniline in the external sphere i 
CgHjHHj/UOgC CHjCOOy, 


The application of the extraction technique to 
processes of separation and purification of various radio- 
elementa has been tried by many workero* 

CO 

Shevchenko and collaborators ( ) have described 

the extraction of protactinium with alkylphosphorio aoido. 
The experiments were run with Pa ^ in nitrate sola ti one* 

The highest distribution coefficients were displayed .by 
dibutyl phosphate, diiaobutyl phosphate and diisoamyl pho^ 
phate. Uood as diluents were isoamyl acetate, dibutyl ' 
ether, hydrogenated kerosene and some other produo to which 
did not affoot the entrant ion yield. The protactinium 
distribution coefficionto varied proportional to the 0Q.uar@ 
of the extracting agent oonoentration in the organic phooo* 
The extraction of protactinium with mono- and di- 
iaoamylphosphorio aoid haa been studied by those authoro 
in greater detail. They suggest that the extracting agent 
here forma complexes in the aqueous phase. Going over into 
the organic phase is, apparently, the compound (E beljos 

the radical of isoamyl-^ho spheric acid),’ while the products 
of its partial hydrolysis, /Pa(OH) /PaCOH)^^^/- and 
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The extraction of pentavalent neptoniom has been 
^ descrihed by Aliaarin and oo-workers (^^)*|^he testa were 

ran with Indicator quantities of Np and ponderable quanti- 
ties of solution of l“nitroao~2-naphthol in n-butyl 

alcohol and in isoaayl .alcohol with pH99“10 was the extrao- 
ting agent o Up to pH 6 no extraction of neptunium will oo^ 
our* Forming in the extraction proceoo seems to be a oomr 
pound of the UpO^ ion with l-nitro30~2“aaphthol* This teehnif 
quo can be used for the separation of neptunium from plutoni* 
aa and uranium (for their extraction in the presence of 
l-nitrOBO-2-naphthol the solutions should be adjusted at 
pH l*0-lo5 and 3*5-4«0 respectively)* 

7^ Extraction with methylethyl ketone was used for 

the separation of technecium from irradiated molybdenum (^^)f 
For salting out EOH, and (M^) 2 CX)^ were employed* ESo- 

libdate solutions too are endowed with salting oat effect* 
The re-extraction of teohneciom from the organic phaso was 

J done with a 6 H solution of 

Diaaylphosphorio acid was used by Brezhneva and 
oo-workers for the separation of rai^ earth fragmen- 

tary elements by extraction* The study of this prooesQ 
has revealed that in the region of low hydrogen ion con- 
centrations an organic salt of rare earth elements la the 
compound extracted* With high hydrogen ion concentrations 
' the extraction meohanism is different: extracted here ere 

M 0 (NO 5 ) 5 oH 2 A 2 solvetea (H^A^ standing for di^lphosphorio . 
cold), formed under participation of the oxygen of the 
phosphoryl group* ; 
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The effect of urariyl nitrate on the distribution 
of CSj Ca, Sr and Iia between the aciueoua solution and 
meth^lbtttyl^etone has been investigated by Vdovenko et si. . 
(^®). The distribution ooefficients of these elements inoroo" 
ee as the concentration of oranyl nitrate rises, which fact 
is ascribed by the authors to the forniation of MqU 02(N02)2 


'V 


ooapounds in the organic phase. 

Conaiderable work has been done on the ohamietry 
of individual radioelement a. Special attention was given 
to the study of plutonium and the nearest transplutoniom 
elements* 

Some unknown or soaraely studied plutonium oom- 
pounda were synthesized and their properties described. 5y 
evaporating a hydrochloric acid Qolution of hesavalent plu- 
tonium in vacuo a crystalline plutonyl chloride, Pu02Cl2«6^) 
woo obtained Plutonyl fluoride, Pa02p2« produced 

by the action of li<iuid hydrogen fluoride on a cooled pluto- 
ciS'iiJ chloride solution. The solubility of this compound in 
water (1.07 ^1 at 2&®C), its absorption speotro end crystal 
Qtructure were determined (^®). Y.V.Pomin et al. haQ i 

synthesized plutonium tribromide by the action of gaaeoua 
HBr at 500®C upon plutonium oxalate (IV). 

The properties of nitric acid solutions of heza- 
valent plutonium have been investigated (® ). The hydrolysia 
reaction constants of plutonyl ion have been computed, a<ad 
the hydrate of plutonyl nitrate, Pu02(N0^)2*6H20 has been 
obtoined in tho pure form. The radiolytic reduction of 
Pu(VI) in nitrate aolutiors. under the action of its own 

) 

radiation Has also inveatigatedo It ?/aQ found to proceed 


Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 






vt / 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 ' " " 


29 * 


the expense of atocoic hydrogen formed on the radiolysis of 
water. Pu (VI) ia reduced in the form of hydroxy compounda, 
e.s*f PaOgO]^^. First Pu (V) is formed and afterwards Pu (IV), 
which disproportions tea to Pu (VI) and Pu (III). 

The conditions of disproportionation of Pu (IV) and 

61 

Pa (V) in HNO^ solutions have been studied in detail ( *‘')« 

^t the start of the proceso the disproportionation of Pa (V) 
proceeds aa follows: Pa (V) ❖ Pa (V) Pa (VI) ^ Pa (IV). 

Later on, with the accumulation of Pu (III), predominant 
hecomes the reaction Pa (V) ^ Pu (IH) <5—^ 2 Pu (IV), which 
brings aboat an autocatalytic acceleration of the procesa^J 

Investigated was also the solubility of some soarsely 


atttdied plutonium compounds, e.g., plutonyl oxalate, 

(^^), the bi substituted phosphate of plutonian 

(IV) (^^) and others. 

“ The salic^latea of tri- and tetravalent platoniom 
have been described by Zviagintsev and Sudariliov (^^). 

There have been considerable developments in the 
chemistry of complex compounds of transuranium elemento. 

Genian and her co-workers have investigated t ho oarbO' 
nate, oxalate and ethylenedaaminetetracetate complexea of 
platonicoo jin paper ( ^ 5 ) ^ described the production of Iho 
^ carbonate complexes of plutonium (IV): (uK^)^/Pl3(C0^)^/*H20, 
(KH^)g/Pa( 00^)5/. nHgO and (NH^)^Pu(C0^)g/.nH20. On their 
deoompooition plutonium (IV) oxycarbonate Pu0C0^.2H20 lo 
formed. K complex carbonate of plutonium ^ 

has been isolated by Drabkina (^^). It decomposes to form a ;- 
mo no carbonate, PuO2C0^o 

Solubility aoosurements were used by Mpskvin and 
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Gelman ( ) for determining the composition and instability 

constants of complex ozalate ions /Pa(CoOj 

/pa(C204)y^^ and /Pu.( 0204)4/^* They have 
shown that among the different valence states of plutonium 


the tendency to complex formation declines in the order 

> Pup'^ ca/cijrn<il^ 

^ pSutontu^ Ct^J atACM^c^&cC ^ - 

In a pure state some oxalate complexes of pluto- 
nium (IV) were obtained by Gel’man and Sokhina Unliho 


the normal oxalate, they are easily soluble. Isolated were 
the following compleaea: Ka4/Pu{ 0204)4/. SHpO, ^ 

.4H2O, They 

proved stable in aqueous solutions both in the cold and when 
heated* It is interesting to note that one of these comp- 
lexes, viz., (E, Wa) 4/Pa( C2O4) /04H2O can exist in two 
crystal modifications — red and greonish yellow. 

Gelman and her oo-workera 0 ^) used the ion:*, 
exchange technique in studying the possibility of a complex 
formation of pentavalent plutonium with ethylene diamine te- 
tracetio acid (EDT4'»)* Indeed they have established the, 
presence of a complex ion being the anion 

of EDTTk) in the pH 4-5 region* Measurements of the con- 
stant of concentration instability of this ion have shown 
that it is close to the value reported in C*^^) for a oimi- 
lar complex of neptunium. For trivalent pluto- 

nium with EDTA, complexes of the composition PuY^ and PuHY® 
have been found and their structures dinoussed 0 "^) • 

Kondratov and (Jal’man {72j inveatigated ozalata 

eoaplexea of tetravalent platonium by meana of solubility 
measurements. The salt (NH^)y'Pu(C20^ /.nH20 was isolated 


\ by them in the orvetaintio otate. The concentration in— 
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/Np(C20^)/2*, /Hp( 020^)3/°, /Np(C204)y'2~,/Hp(C20^)4/^“ 



were computed. They were found to have the eame order of 
magnitude as the respective Pu (IV) complexes, 

New data have been obtained on the chemistry of 
americium 0 ^)^ The content of Am (III), Am (V) and Am(VI) 
in solutions prepared by interaction between Am02 and 
H2S0^ has been determined ape ctrometrio ally* The reaulto 
ehow the existence of two reactions: 



2 -o 2 HgO a Am^ ^ AmOl ^ 4 ^ and 

Aa^ 4 AmO^ = Aa^*^ -6- Amol"^ 

Both of thei^roceed at a high rate, which account a for 
the absence of Am (IV) in aqueous solutions* 

Moskvin, Khalturin and GePman 0 ^) used a ion 
exchange technique in studying the formation of complexea 
by Am (IH) with EDTA and with oxalic acid* The structure 
of the compoundo which are formed here, viz*, /Am( 020^)2/^ 
/Am(HC20^)^/° and /Am(HC20^)^/’', is discussed in their paper* 
Progress can also be recorded in the chemistry of 
fragmentary elements* The object of N,B* Brezhnev a and her 
oo«workera (*^^) was to study in detail how the radioisotopa 
of ziroonit20, niobium, ruthenium, strontium, barium and rare 
earth elements are distributed between the precipitate (cal- 
cium oxalate, calcium nitrate, iron hydroxide, ete*) and 
tho solution* Developed in these studies was an elaborate sols 
me for 'the separation of fragnantary elements* It is baaed 
on reactions involving coo-precipitation* Thus strontiuia and 
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rare earth elements are deposited v/ith calcium oxalate pre- 
cipitateas zirconium, niobium and ruthenium, with iron hydro- 
xide* Later on the elements are separated by liquid extrac- 
tion with tributyl phosphate from nitrate solutions* On this 
scheme strontiam-90, zirconium-95, niobium-95, ruthenium- 106, 
prometheus-147, cerium-144, europium-155 can be obtained at 
the laboratory as pure isotopes in quantities varying from 
15 millicuriea to 15 curies according to their content in 
the initial solution* 

Other radioelementa too have been investigated to 

some extent by Soviet uOrkera. B.P.Nikolsky and collaborators 

77 

^ ( ) have used an ion exchange technique in eddying the 

formation of complexes by radium and barium in solutions of 
Em and nitryl^triacetic acid* At pH 5. 5-6*9 radium forma 
with ED5?A a complex of the composition (EaA)^^* With nitryl- 
triacetic acid the complex has 'the oomposition (EaX)" and 
is obtained at pH 6-8* The two complex ions are somewhat la a a 
stable titan the respective barium compounds. 

Ziv and Efros measured the solubility of 

polonium (IV) hydroxide by a microchemical technique, 
found it to be (3.7 ± 1*5). 10*^ moVl for pH 6. 

Capture of protactinium-233 by various preoipitataa 
Was studied by Hikolaev and collaborators (’^^)* They have 
found that Pa is precipitated together with almost every 
poorly soluble compound of Th, However, when th/or ium fluo- 
ride is precipitated. Pa can be held in solution under 
certain conditions. The authors suggested the method, of 
«8imilar carriers” (03003 and CaC^O^.H^O) which permits 

* * i 
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Pa to be separated quantitatively from the oxycarbonate 
and oxalate of Th, and transferred to other carriers, suoh j 
as Pe(OH)^* A technique for the extraction of Pa with aceto- j 
.... — ne in the presence of salicylic acid has been developed® 

on I 

Starik and Sheidina ( ) proposed a convenient 

procedure for radiochemical purification of protactinicua 
by its precipitation together with zirconium phenyl glycol- 
late* 

81 

Spitayn and Kuzina ( ) have designed a technique 

for the isolation of technecium from neutron irradiated mo- 
lybdenum, and investigated the chemical properties of some 
technecium compounds* 

A great many investigations in the Soviet Union have 
b.een devoted to the chemistry of uranium and its complex comp* 
ounds. However the results obtained in this field cannot be 
reported here on account of the apace available® 

Considerations of space preclude also a discussion 
of research connected with the production of radiactive 
isotopes without carriers, although significant progress 
has been made in this field, too® 
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Introduction 

'rhe study of chemical changes of substances brought 
about by high energy radiation has begun its rapid developtnent' 
In connection with the availability of the power ionizing 
radiation sources. The developaient of radiation chemistry 
was atianilated first of all by requirementa of nuclear engine- 
ering and problems of the reliable protection against the 
hazardeous radiatiofi. On the other handy the radiation cheiu- ^ 
is try deals with the phenomena called forth by high-excited 
and of high reactivity particles, i.e.^ ions, free radicals. 
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«nd molecal03« ilie letter la caused by the fact that energy 
of ionizing radiation is aany tiinea as large as the cheruicnl 
bond energy. The generation of excited particloo mentioned 
13. the main distinctive feature of radiation-cheuiicnl processes 
In comparison ^ith the photochemical those where ouch pheno* 
mena do not almost occur. This circumstance has also promoted 
to the growth of interest in radiation chemistry and its uses 
in practice, 

Ruasian and soviet scientists made a substantial contri- 
bution in the development of radiation chemistry, Thas^ among 
the first investigators having observed chemical effects of 

ionizing radiation upon diverse compounds there was K, A, Orlov, 

1 

In 1904-1906 he founded that paraffin, wax, stearic acid 

and other solid organic aubatanoes converted into liquid 

2 

resinous products. In 1910 N,D,/^elln8lcy placed in a sealed 
tube some little crystals of radium bromide containing 0,5 
mg of pure radium and 1,5 ml of cyclohexene (C^ U^q), The 
investigation carried out after several years revealed the 
deposition of free carbon on surface-of the bromide crys- 
tals, the liquid decomposition products being consisted not 
only of hydrocarbons more sIu^jIc than cycl<^exene but, also, 
of more heavy hydrocarbons synthesized under action of alpha 
particles emitted by radium. As an intern;edinte process, ap- 
parently, dehydrogenation of the original material occured, 

n^D.Xellnsky stated that relative processes could talco 

place in the nature under effects of radiation of radium 
contained in rochs. 


Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 


' Modern^ ^^^velopiaent of rncilntion cbemlatry in this country 
i. J 

bas begun in the poat-wnr yearSf being cnuaed by uses of nuc- 
lear power for various purposes. This period la characterized 
-by rapid development of vyide-ocale research work embracing 
more and more diverse classes of compounds and reaction types 
and, on the other hand, by employment of modern research* 
techniques involving gas-liquid chromatography, electron 
paramagnetic resonance, mass spectron^try and so on. for iden- 
tification of radiolysis products and for elucidation of the 
reaction mechenisnu As ionizing radiation sources nuclear 
reactors, ! spent heat releasing elements of atcmic power 
reactors, ray sources of and cIL —emitters 

such as radon and polonium prepara tes, betatrons (including 
these with extracted electron beams), electron accelerators 
pertaittlng both continuous and pulsed irradiation. X-ray 
installations and so on* are ei^ployed* 

These are radiation-chemical research laboratories in 
various regions of the U33R* A miaiber of the iSoscow research 
institutes are carrying out investigations in this field. 
Hadiation-chemical Investigations are accomplished in the 
Ukrainian 3SK, Georgian 33R, Uzbeck 33K and other republics 
having atonic reactors. The fact that In recent three years 
about three hundred publications on this topic have been 
issued by soviet investigators illustrates the development of 
the radiation chemistry in this country. In 1957 the first 
All-Union conference on the radiation chemistry was held in 

g 

Uoaeow, where 66 papers were reported and discussed • 
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A If 5 i?g 0 of* the sov-iet investlgntiouo in tiiis field uaa 

popopted oa tfoe otbep scientific congresses end conferences 

4-10 

in t£ilo country es well as abroad « 

j^utboro of this paper [/^hall> in the inain» describe the 

most ic^ortant directioas of research in the radiation eheinis- 

try in the OSSR snd also shall revieu some interesting papers 

pubiiclisa In 1963 -lSSO. risie ppo-srious soviet inorks a?e publish- 

©d in foria cf separate collecticns o transactions of a 

A-.7 15—16 

nuEbep of cosjferences ‘ 5 nnd are also told In reviews 

17—18 

sBifl booklets edited In the OSSR. 


8« gadlnttc??. nhaialatry of qa t er and aoueous 8olut’i£aS 
The padiatica-ebemical poaotions occurins in natep and 
aqKOcao eolutlena core an object of many investlgationo having 
been cappied out duping laot years in this country. This 
le eauQod first cf all by the fact that water is used as a 
moderator and a coolant in atomic peactore; besides, in aqueous 
solutions lanny ppocosses take place involved in the nuclenr 
fuel ppcdectlon end isolation of nucleap reaction products, 
aoraovsp. betoviour of aqueous solutions under ipradlation 
is analogaaa. in a eonsidepable estont. to that of biological 
oystema. That is nljy the study of the effects of ionizing 
radiation up cn the aqueous solutions can be assumed as basis 
for estimation the effects of radiation on living tissue. 

Soviet research vjcrks cover a wide range of diverse 
questions of the radiation chemistry of cater and aqueous 
noluti'ons* The influence of n ionization density nnd dose 
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pate on the yields of radiolytlc conversion in the nqueous 
solutions, the role of direct action of radiation on dissolved 
subetence, the role of excited molecules of water in radio- 
lysis processes, dependence of the yields of moleculer pro- 
ducts of radiolysis on. concentration of solution were ascer- 
tained* Radiation-electrochemical processes and the influence 
caf irradiation on corrosion behaviour of o^tals and some 


other questions were an object of a number of investigations* 

At present is generally accepted that under the action 
csf radiation on water atoms H and radical OH, as well as molec- 
ular hydrogen and hydrogen peroxide are generated as primary 
products of the radiolysis* These interiaediato products in- 
teract further with the dissolved compound* In the case of the 
diluted aqueous solutions it is possible in this way to ex— 


plalQ the character and the yield of the radiolyala products 
and, Ih sciBS cases, the radiolysia kinetics also. Based on 

this conception systematic investigations are carried out In 

r ^ 

the OSSKo V.YUoPillnovsky and Yu. A.Chizraadahev have smae 

ealculatlcns concerning the dependence of the molecular pro- 


ducts yield* in the case of the radlolysls of water under the 
fiction cf rfidiatlons with high ionization densities in the 
- presence cf scaveiagers* Two cases of atoms H and radicals 

OH dlotPibutlcn during water radiolyals have been considered; 

; 1) both radicals are in a track column with the diameter X 

i sea 2) Btcas H bave mope diffusive distribution ( “^100 A ). : 

g^V*RpotileP et al« have compeped the pate of radla-* 
tlOB-chemlcal deces5>osltlon of hydrogen peroxide olth the 
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inost rollRble BV«ilnble in the world, literntiiro concern- 

1ns redlolysis of w«tor under the action of ^-radietioa 

of cobalt-60, The authors have confirmed the applicability 

of , hypothesis about the constancy of yields of radiolysis 

products of water as well ns the adequacy of the law of 

homogeneous kinetics to the case of radiation chemical pr>- 

eeosos in diluted aqueous solutions, 

31 

In an other paper B,Y,Er shier basing on the model of 

Irrsdiated solution in which free radicals and molecular 
products are distributed homogeneously in the total Irradiated 
TOlimso has consideyed general regularities of the radioXysls* 
for the casos whoreln this model is applicable. Proceeding 
from the osouG^tion that radiolyels products yields of water 
arc constant values and that in tho solution only bimolecular 

t 

reactions proccedo the author has considered the effects of 
radiation intensity on the dependence of yield upon concentra- 
tion* Two eriteria for the adequacy of this model have been 
foond. In the case of stationary state^ the increase of in- 
tensity from to Iq dicplaces the curve representing the 
dependence of a logarithm of concentration of one of radio- 

lysis products upon a logarithm of concentration of other 

/ 

pr oduc to along the coordinate axes by a segment which is 
equal to the shape of the curve being unchanged. If 

stationary state is not yet achieved^ the variation of In- 
toasi^ loads to displacement by the same value a I^ along 
the abscissa of the curve representing the dependence of the 
radiation yield Q of one product with logarithm of concentra- 
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'tlon of another* Radiolysla of the aolutions of hydrogen 
peroxiae la an exanrole of such a regularity* 

It ts Icno^n that increase of concentration can bring 
tho condltiona in nhloh the dissolved ccnipound crould intep'^ 
act not only with free radical distributed in whole volume 


of solution but also with those in the points of bi^ ioniza* 


tion density 9 cosseting thus with recombination reaction of 
rediealo and reducing the molecular product yield* In this 
ccnnoction the investigations of P*I*Dolin with collabor., 
H*A*BQlth with collabor*, M*A.Pro3lcurnin with collabor*, are 
of considerable interest* R^mlniug the nitrate systems 
as well Qs the aqueous solutions of potassium bromldo 
it has been. found that a substantial part of molecular hydrogen 


originates from the recombination of atoms H* Por instance, 
decreasing of magnitude of G (Hg) till some hundredths of 

molecules per 100 electron-volt with the increasing KO’^-loas 

^ ^ 22-24 ^ 

concentration has been found * 

Proa the point of view of elucidating the mechanism cjf 

radlolyOio oxidation of Po^^-lcsna in diluted aqueous solutions 

of cori8idepn>)lc interest is the work of V.N. Shubin and 
27 

^•I*I^olia , in which- the effects of a pressure of hydrogen 
above the solution on the yield O is investigated* 


It was found that variation of the pressure of hydrogen in 
the range frffia 1 to 180 atm* does not exert an appreciable 
influence on system concerned* (a mechanism has been sugges- 
^ tod for this case which Includes the following reactions; 
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Fe"-* ♦ 

00 — Pe*** 

4 . cm“ 

Vq** ♦ 


-Pe*** 

♦ + oh“ 

«8 ♦ 

OH — - 

HgO ^ 

H 

H ♦ 



“8* 

, - 


Pe ♦ Pe 

2 




H 


'Oao roQuXta conTlrEi the hypotheels aocoFdl&g to uhlch 

In 6oQG£>ate<3 oolutiono atoms H ta^e part in oxidation of 
icKao-PQ'’’‘*’p directly op hy uieans of formation of the ions 

It l 3 hnotm the yields of radical and molecular products 
cf uater radiolyGls are dependent on the magnitude of linear 
transfer 9 ioOo on kind of radiation^ Although a number' 
of soviet investigations hitherto carried out in this topics 
lo not largGp they are of a certain in teres to AoM.ICabakchi 
ot alo * has investigated effect® of Y -radiation of 

cobalt-60 p ^ -rays of pho3phoru6-32 and o4 -particles of 

plutanian&-2S9 on aqueous solutions of nitrates in various 
concentration* Eadiation-chomlcal yield of KOgp according 
to the authors mentioned Is dependent on the kind of the 
radiation* Por instancop under the action of oC -radiation 
of Ptt G(NOg) is considerably lessp than that in the cases 


,32 


of -rays of Co^ and & -particles of P 

^ 30 

Z*V*13PShova and M*V»Vladiniirova have studied the ac- 

of alpha-particles of polonium on 0*8N aqueous solutions 
of HgSO^o It has been found that the initial yield of hydro- 
gen peroxide ( 1*8 molecules per 100 ev) is indepeni:^at on 
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rT 

1 



coaceatpation of polonium dissolved in the pnnge of specific 

activity fpcm Ool to 12 mlllicurl pep cil, coacentratloa of 

HgOg tending to its limit value. Pop 0.8 N H SO the equl- 

2 4 

lifepiam limiting value of the concentration aniounto 

8«^«10 xaoloculGQ pep ml. 

S o A. Bmoon t a© v a and pQl.Dolin have investigated the 
action of protons uith the energy 660 Mev on aqueous K^^Bp 
solutio:^. The llneap energy tpanafep of the radiation men- 
ticneci is nearly to that of 1 i£ev electrons. The nork has 
dcmonotrated that the radlation^chomical phencnrena are def- 
^ inod solely TSjy the magnitude of the linear energy transfer. 
T^i5SO tho yields O obtained in the case of aqueous 

ferrous sulphate solution and G (Eg) obtained for KBr solu- 
tions of various concentration (Fig. 1) have been found by 
Ciisntioaed authors to be approxlnsately enual to the cor- 
rocpcnding values obtained under action of Y^-radlatlon of 


^ 60 
Co O 


f- 




52—37 

A.KoPikaov and P.Ya. Glazunov ' have studied radios 



lytic transformations in aqueous solutions of several inor- 
ganic cC 25 >oundG at high dose rates. *1516 latter have been 
achieved by nseans of pulsed electron radiation; the'^lectron 
o.rv-^'r., eneri^r has been 0.8 - 1.0 Mev; the pulse durntloa - 5 (ILsecm 
^ 0 ^ radiolytlc conversions in aqueous solutions of ferrous 

kK f ^ sulphate and ceric sulphatep of the mixtures of Ce’*’*^-^^ and 'fl'^ 

^ A' 

c\^ snalfsteo and also Ce^+^^ and sulphates have been invest- 

. Igetedo The Pig. 2 indicates the dependence of Q (Fe^^*)« 

n "IjA O (Ce"******^ ) in the absence of Tl^ and also 0 (Ce^^'*‘) in the- 
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■j 


pio* 8o 


•J 


1 



ppesence of Tl upon dose rnte, obtained by the authors* As 
02 ie can see from the Fig* 8j the appreciable variation of 
yields takes place et the high. dose rates up froa about 
10^^ ©v/tel* sec* For Instance, G(Fe‘***^) decreases with In- 
ereooe of the dose rato® whoroas G (0©“*“^^) under the sansa 
conditions Incroasos. 13118 is caused by the fact that at the 
dcoo rates up frem '^10* ey/ml« sec* and hl^ier the processes 
originated by overlapping of ionising particle tracks begin 
to play a significant part, changing the yields of radloXysls 
products of water Q (H), 0 (Oh), G (Hg) and G (^^)« 

In the paper© Eentionsd. above * it has also been 

^served that at high dose rates the inejortance of ccai^eii- 
tion between radical— radical and radical— solute reactions is 
Qugsiented* The Pig* 3 shows the dependence of the yields of 
rediolyOie conversion in several systens upon the concentre- 
tlca cf dissolved substance at hl^ dose rates of radiation^ 
feusd in above Dsntioned works* 


Pigo 3* 


:y 


\! 


The msehanisa of radlolytlc transformations in concen- 
‘trated solutions is a problem of to-day* In this case not 
only the effects of radiation caused by the action of water 

i 

radiolysis products on the dissolved substance take place, 

but also direct action of radiation on it is Involved* 

Afrn^Kabakehi Is one of the first Investigators having pro- 

38 

posed th© conception of the direct action • He has shown 
that in the radiolysis of aqueous chloride solution icolecalar 
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ehloplne is formed p th© yield of which Increnses in ppopop- 
\; tloa to increasing soliate concentration independently of the 

ls:lnd of radiation or the cation nature* 

A different point of view has been suggested by M«A« 
Proslturnin et Rlt> • According to their hypo- 

thooio the hi^ ooQContration gives possibility to rndAcale 
originated not only frem ioats6d molecules of untopp but 
also frea escitod molecules to be involved in the radia- 
tion-chemical Poactions* In Pig* 4 the dependence found by 
t^o aattJOPO oisBtloEod aTaove ^ is ehowns, betoeoa tlie yield 
O (nog) and concenteHtion of HaNOg soXutioa. TJje padiatioa 
yield Q (Hog) incraasos oitb angmantatlon of KaNOg ooncen- 
trstioa reaching a constant value in the region 
ll* xa© authors have suggested that existence of this subt- 
ly alcping GGgmsnt of the curve can be explained by involv- 
isag of practically all the H— atoms formed in the reaction 
ulth ultra te-loaQSo In the mor© concentrated solutions the 
yield 0 (NOg ) inereasos agaiUp and for the 1-6 M solutions 
remains constant* According to th© authors the increase 
of the yield O In the concentrated solutions is caus- 

ed by Involvoment in the process of the K-atoms originated 
from both th© ionized and excited molecules of water* 

It is MpAoProaliurnin who has discovered the radiation 
cjenolbllization phenomena described below* If in a solution 
oao adds a substance capable to Interact easily with on© 
of the radical radiolysls products. of vatePp there are 
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cpoatcd condlticms in ^hich nbothor PRaicnls are more cckd- 
pletoly involved la radioclytic conversion* In the case caf 
nitpato cyatca according to such subatances are 

glycerol and gl?z^^b<> Being active accept ox*s of OH-radicalo 

t£sc 3 e promote O (HOg) to be higher* 

ciarvo 8 in the Fig* 4 represents the dependence of 
O (UO*) ca coasentratioa of KsI^Og solution in the presenco 
cf glyeopolo Hero the yield G (NOg) in the case of highly con- 
©eatrated oolutlcno reach© a value of lons/lOO evp ohat im- 
plioQ involving cf all ^ater radiolysi© products iQ the re- 
action oith di ©solved ©Bbstance* 

Soceatlyo £S*A*PFCj>chiirnin et al. have proposed the 
bypothooiQ aceordinag ahich there are tuo hinds of excited 
molecule 0 cf eater differing In level and type of excita- 
tion* This h^othesls can explain the existence of three 
limiting value© of Vao radiolysis yield of dissolved sub- 
stance in dependence in various conditions of radiolysis* 

In the CRoe nitrate aystesp as it was lEsntioned above, 
the limiting values of G (NOg) are equal to 2, 4, and 6 ion©/ 

/lOO ©V* 

RadiolyOic transformations in concentrated aqueous 
BOlutica have boca isiveotigated by a nun^er of another so- ^ 
viot GCientlotQ* T^c t7orh of b*ToBugaenho and V.N. Belevsky 
dedicated to t3fce problem of direct action of radintion on the 
oecceatrated per caloric acid aqueous solutions is of a certain 

intOTGOto 

Ao it hao been found by A* A* Balandin, V.I.Spitsyn et 
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olo p undior "th© ©ffects of IrrradiBtioa oa aqueous solu— 

tloao of 0 several coniples salts of platinum the preslpitn- 

tlcn <sf Eietalic platinum talces piece p product having a 

higher catalitlc ability in the 1 o©- terser eture reaction 

csf cyclohexane hydrogenation. Palladium black prepared on 

rndioticm-chenilcal mothod differs, according to the same 
48 

authors , by its catalitlc properties from the material pre- 
pared in conventional nay. 


Hadlolytle transformations in aqueous solutions of 

490 

plutonium have been examined by h.A.Bakh and collab, , 

Several papers of soviet authors are devoted to radiolysls 

-52 diiv ' ‘X' ■' f ', . 

of aqueous solutions of uraniumTbi^ , ^oO.Pirsov and B*V, 

5l 

Er shier oxaminliig rndlation^chemical reactions in aqueous 

solutions of uranium (IV) have found that under the action 
of ^—radlatioii of radicals OH and hydrogen peroxide 

A 

are responsible for oxidation of -ions. As concentration 
ricesp the oxidation yield at first increases and subsequent- 
ly iG loneredo In the presence of oxygen G (UOg*'*’) is signif- 
icantly more (16 eq /100 ev) tiaan that in the degassed solu- 
ticnoo The authors have deduced the equation describing the 
dependence of 0 (UO ^ ) upon U concentration, the ratio 
of the pa to const^^.nto of the three reactions i! > 

end S « H) being involved, 

55 

G,Ko Yakovlev uith collab, examining the effects of 
inherent c^-radiatlon of on the valency state of aiEeri- 

clnm In the sqnoous aolutlca have found that radintion- 
- chemical reduction of ions In a considerable degree 
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V 


si 


dependent on acidity of* the solution ns viell as cn natii?e 

of the acid* For esRc^jlep in the concentrated solution of 

perchloric acid the yield G ( AiaOg'’’**' ) ia appreciably louePp than 

that in diluted solutions* The reduction of HTpOo ions In 

54 

aqueous solutions induced by electron radiation is also 
dependent on the factors mentioned above* It io of an interest 
thatp from radiation-cheraicol point of vieup the pentavalont 
noptuniuza is moro stable than other valency states* 

Radiation eloctrcchemical processes in aqueous solutions 


5 


have been an object .of several norhs of soviet authors* 

83 55 

RoAoBalsh et al ^ have examined chahge of oxidation- 
-reductioa potential of several compounds in aqueous solutions 
under action of ionizing radiation* Extensive investigations 


cf radiation electrochemical processes have been carried out 

56-61 

by VoIoVeselovsiQr and collab* • That in the works of 

tho Inttsps it has been discovered that the potential of the 
platinum electrode in irradiated 0^8 W sulfuric acid solution 
oaturated with nltroGGsi reaches a value closely approxic^ting 
to the reversible hydrogen potential and the potential of the 

— I 

gold electrode becosiieo equal to **^*95 volt* i 

68 

BoVoKokouliaa^ P*I*Dolin and A*N*Prumkin p examining 
behaviour of sraootb platinum electrode in the solution of 
sulfuric acid In side range of doses absorbed and dose ratesp 
have been proved that the potential of platinum electrode in 
irradiated 6*8 H sulfuric acid is controlled by the molecular 
rediolyois prcductc of water accumulating in solutions i*o* 
by hydrogen and hydrogen peroxide. The radical products of 
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padiol^rciQ In this case do not play any appreciable part In 

potential establishment on platinuia* A slmllap conclusion has 

been dpoon by ScDoLovina and T*\oKall8h f^osa an exaniiiia-" 

ticn of the behaviour of nic&el electrode under irradlatlono 

'r r^ralning tho oxldaticB-reduction reaction uisdor 

I V - 64 

' iypndiatloa P. I. Colin and V.IoBushenfeov have proved the 

i 

: potential possibility of utilisation the products of oxida- 

tion and reductlcm in aq^i^us solutions for the purpose to 
transform enore^ of radiation into electrical energy. In 
other uordo^ the possibility of constructing radiation^ rrnlvanlc 
cell has been proved. Another solving of this problem has 
beca stated by V^O-Yecelovslsy et nl. They have ec^lc^ed 
tho Pt and An electrodes having selective properties nith 

\ 

roopeot to oxidising and reducing agents formed in solntion© 
under irradiation. / 

‘jSsere are a number of ooviet norks examining the Influonc© 

<sf ionising radiation spon the corrosion behaviour of metals 

65 

^ ^ various Eedia. M.D.Tcinaahovj A.V’.ByalobzKesky et al. 

havG studied the effects of electron radiation on cor r onion 
of lrC3{, stainless steel and aluminium in sodium chloride solu- 
tlcns. A.V.Bynlobshes^ has examined corrosion of metals 

anfloi. ippadlation ia fils’. Tbe corposlon of several mstnls 
mt&os IppBfiiatloa Cby fast election beam, Y'-Paya of Co , 

M 

X-pays) hHO ^een found by him to be oppreciably sccelepated 

by ioaisiog PEdlntion. 'Th© tnatals exflmined can be appanged 

In tbo follcnlns coaaoquence: Ipon - copper - zinc - nloailnloiaf 

ttio coPPEOicu otabillty Incpeasing. It has been suggested in 

tEss ooptro E3aU<r23d abovs that the coppooioa IntensifloaUca 
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us^dor ippQdiatic?a is caused by formation of radlolysis products 

c(f cuiygenp uater and nltrogon in tbe air* 

68p69 

loLoRonenfeld and K*K*03he have examined the ef- 

focto of electron radiation on electrochemical activity in 
various nedia of zirconium and titanium covered with oxide 
film having eomi-conductor properties* Diminution of anode 
and cathode reaction overvoltaf^e and increasing of rate of 
thece reaction have boon found* Ihe effect discovered is rever- 
sihlo* stopping of Irradiation leads to return of overvoltage 
QSd rates cf anedo and cathode reactions to values closely 
Qppr oxlmting to original ones* Another phenorrisnon of an int- 
tor GO t discovered by the authors^ is the fact that under ir- 
radiation behaviour of metals covered with semi-conductor 
film cf i>-typo and of n-type with respect to anode process 
io quite different* v/ith respect to cathode reaction such a 


differenOo is not oboerved, 


\ 

> 


Ti^e corrosion behaviour of several metals UTuder irradia- 
tion has also been studied by Ya*M*Kolotyrkln et al* 

^1 

For essiEple p they have investigated the effects of ^-radia 
fiO 

tion of Co ca elect rochemicnl properties and corrosion of 
steolo nickel and platinum in sulfuric acid* It was establish- 
Gdp in the case of steel and nickel p that effect of irradia- 
tion Is equivalent to anode polarisation* The authors have 

56-61 

confirmed the conclusion by V.D .Veselovsky with collabor* 
about establishmnt in sulfuric acid the platinum eloctrode 
potential closely approximating a potential of reversible 
hydrogen ©lectrcde* 
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KadlAtioa chesiistry oT simple Inoygfinie molecalog 

c 

A nssinbop of* ^orks by soviet authors Is dedicated to 

otudy the padintlOKr-cheralcni pesctlons of* single inopgaalc 

dolocuXoGo TbG QttentiOTi to these investigations has been 

attPRCtedp fipst of* alio ovjing to the fact that the esaniina- 

ticas of each reactions allo^iap mope successfully than in 

caces of othop coiqoouiiidQt, to coppelate the yields and kinetics 

nlth ionisation and excitations pot^ntialsp dissociation energy 

and other paraiaetorQ of ippadiated matepial as uell as to 

stndy the effect cf phase state on radiolysis and to coppolato 

,padiatio 2 ?>-ehoaicRl and photcchomieal processes* 

Tho nx?ot ecu^Ieto investigation in this topic accoinplish- 

cd by soviet choiaista is Padiaticn chemical oxidation of nitPO- 

7l*»V2 

gen nith tho oxygen* SoYaoPsheshetsky and Ii«T«l!aiitrlev 
have examined kinetics and rr-echanisra of oxidation" of nitrogen 

I — 
i 

tinder the actloa of electrcn iispacto'^NitPOgen pressure has 

•“2 -*3 

boon varied fpcm 10 to 10 naa Hg^ electron energy - from 
units of GloetPon«c:volts to SOO Kev®^ Formation of N^-ions 
appears to be an intormediate stage of the reaction* ICinetics 
of the reaction la described by an eqiaatlon of the second 

ordepp activation oner^r being in the range 2^7 kcal/mol* 

* - 

7S 

J»atoPp HpToDaiitriev and So Ya*PzheGh©tslcy have carried 

out uopk on oxidation of nitrogen induced by y^-radiatlon 
60 

of Co aii^dp presGuros up to ISO atm* and at teG5>erature3 
15-25® and at 150®Co It has been €A> served that Increasing of 
preoaure fpca 1 nrn Hg to 760 cn Hg lovers thQ oxidation reac- 
tica yield p but at th© further increasing of pressure the 
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yield lnci*e?JS 03 > refiohing the raegnitade of 5-6 nioleculos of 
HOg pep 100 ©V ©t 150 ntni« The yield of N^O ot 3-50 ntm 
i60°C iQ 2*6-3o5 mol/100 ov<» Tlie depetidence of the penction 
2 ?ato OB ccii^ositioa of mixture ohoys to en ©quntion of the 
eocoBd ordepo A devintloa fpcra the eQuntiCB of the secoBd order 
feao boon obcQPved for the depeBdeac© of reaction pnte ^nd yield 
CB tho ppesDurOj, becRBce of rcccnhinetloB of Ions foriEad imdor 
l2?I?©dlRtlCB« 

74 

Rocontly M«T*Ifc3itriev aad S*Ye, Pehesheteky heve exai^ 
lB©d the transf onaatlCB occur trig in nitrogen dissolved in 
uatGP ondop aetica of '^-radiation of Co nnd e beetn of 
fftot electroBSo It hoa boon found that nitrogen dissolved In 
tjator UEidor IrradietiGB is fixed in form of nitrate, nitrate 
aafi Gciaoialao The yield of the reaction is dependent on e cons- 
pooitiCB of !Eixture,of gas dissolved end its pressure* For 
lEistestCGp the yield of nitrogen fixed is 0«09-@*18 at 1 atm* 

0 Cd laO-l*4 atc^ at 150 at^ per 100 electronvolts of radin- 
tiCB energy absorbed* 

76 

SoYooPshezhetoky et al\7^ have also studied the for- 

cation Cf ozCfBe la liquid and gaseous oxygen under action 

60 

Cif ^ -radiation of Co and fast electron stream* Excited 

moloeulos csf oxygen have been proved to play an. important 

a 

role in tl::© roaction* The rndiat Ion-chemical yield of (zone 
1g 13-15 molecules /ICO ©v in the ease of liquid phase and 
lo6 G:a>leculeQ/10D ©v for the gaz* 

KydrazlBS io formed under the action of fast electron 
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“beam on llqulTled ansTionifi * The latter process is cherac- 

terized by stationary hydrazine concentration owing to the 

eqalllbrimn between rnteo ot direct and reverse react! onSp 

the yield being loO-l*8 raolecules/lOO ev« 

It has boon studied the liinetlcs of hydrogen peroxide 

deccKSposltlon depending on its concentration in aqueous oolu— 

ticn under nctien of Y^rediation of Co^p ultraviolet light 

ao uell ao the nnalogaous dependence for the rate of the 
' 78 

! ' deccr^joeltion o The rate of the reaction as the 

s 

n/; eonceatratlon Increases has been £?ound to have alicTays a 

I It hos also been observed that the rats of the radia- 

i ttcn-chemical reaction is proportional to square root of radia- 

j tlcn intenall^o The activation energy of the radiaticn-chaa- 

I 

I 

i leal reaction la 6«5 hcal/EOlp that of the photochemical re- 

> ' 

action being 8-d kcal/iaol. The yield of the radiation-cherzs- 

! 

! leal reaction is dependent on temperature. Dependence of a 

1 

! degree of electrolytic dissociation of NOg-radicals on the 
concentration of the solution is proposed in the paper for 

I 

explanation of iclne^tics of the reaction of ^303 deccmpositloa. 

Several papers cf soviet authors deal v^ith Investiga- 
tion of effects of ionizing radiation on solid substances* 

79 

VoIoSpitsyn et 0I* have examined decomposition of 
solid coz^lex cosi^jounds of plntlnum under the action of 
electron radiation* In these cases formation of free mstalic 
platinum was sciaetiraes observed* fThe magnitudes of the initial 

—1 

yield of iSS tnl are represented in the table 1 *! The data 
Cff the table show that a degree of decanpoaition of the 
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eoz^leses is aependeat on imtupo of the spit nnd spnce Iso- 
Eapism. Pof Instance, tpnns- [pt (rmg )2 ClJ has loTiep ra- 
dlation-eixoalcal QtaMlity, tban that of the ciQ-iQoms?« As 


It is obvious from the Pig. fi and Pig, 6p the degree of do- 


cc5^03it£.ca of the ccn^ilex salts roosains unchanged at the 
'yv iQtegpal irradiaticn doses. In these conditions the ■ 

of* po— oxidation of free laataTic plntlnura by atomic 
ntr ^ brought about with, padlation-chemlnni 


ppo- 




ehlc3a*ino brou^t about with, padlati6n~chenilcal deconmosi— 




tiCB cf the coopoundo concerned has apparently a . significant 


PSPt* 


‘V 


initial yields of t 


nig ta lie pla ti^. 


■gdL.is^'rndia tion of ccsmlar 


>oundi 


'Ccn^jcusd 


Initial 0 lPt)» atoaVlOO ov. 


Kg [P«l^ 


0.018 


im^ )g[ptcigl 
[Pt (Nag)^] Clg 
[pt ci^-cis •.' 

[p t Clg]-tpan8 


0,143 


0.090 


0.047 


0.056 


0.338 


P^Go 0* 
-5?iGo 6o 


Mo A. Proslcupnin et al« have invest ign ted the effect 

^ ..60 „ eo-82 


of ^'^-PQdiation Of Co®^ on solid Wal^Ogp/S^d .KClO^ 


83 Well QQ on crystalline hydrates of nitrate salts ^^.lA 
63 a ^ 

paXJSF is of a certain interest describlBig the effect of 


d03Q pato of ^-radiation of in the region of 0.2.10' 
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to 4«I,10 ov/fal. oee. ca tho padlolyala product ylolda of 
Qoveral epystalllEs hydrates of oitrate salts. It has hoea 
prorod that a Blnixaum oa the curve eapreosiag the depoadoace 
of 0 (SOg) E^oa docse rate is a eharaeterietlo feature for 
all eryotalliae hydratoc esamiaed, the positloa of the nlis- 
lEam tolas detercilEsd hy aatur© of the cation. Eie epyofsal- 
; line hydrates are core seaclhle to the action of T-radla- 
j tlea than the correepeadlns uahydrouo salts. 

; V*V*Bol6^ev ot alo Siavo cosiolfloFoei ©iYect 

, of ppoXinlaarsT Ippedlatloa Fate of tJjepmal doccsposl- 

I tloa cf ailvop ozalate. eoatanioatod nltb eadsDicra. ppoli- 
: raiaapy ippadiatlcB oltK (k? Co^ tsFioco db<mt qb tn^ 

i toEialvo aecelepatioa of tto GQbcoqtsoat t&GPcal decos^ooitlc^ 

I cf impo GiXvop- osalatOo doeerincsalUca of the Galt 

I etmtainisi^ tpacoo of eadaloa io socoXopatodp toOj> bat Xa a 

I consldGPGbXy esssjUep dsgpeoo Oa oa c^Jialoa cf eatbopo 

I tbo ^cacz:anoD 1 q oaaced by tb© foPEatloa In tb© ppeooas© cf 
I cadnXea la cpyotal lattieo additional msj^eie of eatioa vacan- 
I eloGp obleh can tpap pcGitiva boles or aps^tim caticas fp<na 
! iBtePGtitlalciooo 


o f Qg^anie coTracrwg.da 

Eio poacUoas of organic cmapounde induced by ionizing 
3?adiaticn qpq objects of posearcb work of a aumbop of soviet 
IsaveoUeatoPSo *^0 tjopke ap© cappying oa in sevcpal dlpections 
A.VoT<^cbl©v and Lo3«Polak with collebopators are 

cappying out tb© ^stejsatlc investigation of the effects of 
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Co®° ocd cS feot aliecti-oji 

eapbcas in eaooon©,, liquid and eolia pbaoes* Based cm espop- 
Izueatol date tSa© follcuing pocalbl© types ot initial padio* 
lyoio peacttea nepcal allsanes have been eaggestod in ^olp 
pa2?0POo 

i V.KMh . 

« 2.-2 
C, 

BssisiEiatien oi* ESB— spectra ef* Ippedlatod at 77® K in 
Ota to i>»heptan9 indicated the ceeupenee of f^ee al^l 
padlcaXo end also czf M-atcsa bnt la a eraallep It hoa 

boon ppcvod that thoo© pedicala ean be feept at los tei!g>opat«P 0 
cvop a long pop led cjf tiiso. 




.V 

f-uc \ 
/M 


HH ♦ © E3 


H . 
H n. 


♦ 


Rm 

CrvH 

CrJf. 


8a 

2h-2 




It hao b©GSi by the antbeps z^ntlcmed above ao 

ugU ao by fopoloa aathopo that the total yield of the rediow 
lyolQ ppcdnctQ cf bydpcsapbcnso at Foca teG^eratupe is about 
10 Eloloealoo/lOO OoVop th© pFodcalnant ppoceoo being dohydro- 
eenotioao S&o ezaaiaatica of the padlolyslo of ewheptana is 
the E^oot detailodo iPFadlation of n»heptane in ordinary coa- 
diti03:iO the gaseous padlolyals products contain about SO % 

<s? bydFogoao Tho post of 30 ^ includoo satupated and Bmoatur- 
a ted bydFocapbonSo 

In tbo ooFles of soviet investigations In Fadiatlon 


chomlstpy ©f hydrocarbon© those of radiation thertsal crach- 
lag of hydpoeapbeas ar© of a significant interest I 
hao boon fotaad that at sinaltasoous action of radiation and 
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pac. 7o 
PiGv Oo 


@ 


feea^ tho ohaia peac^czs eS* epaotilEi^ eseoFo^ ioltiatlc:^ g? 
tfe© PCao^csa 'be lag enucod by pcdla^ca^ crjatlo ppc^agatioa 
PGaetlea being nia lata laod oa aeecaat oi^-beat ©aep^. Fgp 
iaotacsot) co oao caa g©g in Pigo 7 p Ippadlatlca of a^beptaae 
©icvatcd ^irpoFatapQQ leado to tbo 8ba2?p Is^poaGing cf 

4 

^isldQ’cf B{yS£»c©Qj?bG^2 ppcdissto of padiolyBlG* I3o}?0OVOPo QcaKag 
1^0 ppodcioto of padlolyoiQ aa lacposao In cmaatupatod bydpocap-* 
Hkesq eccatont io saol^d (Pig« Q)* Gsa can snppcco that th© FadlG>> 
tlca thopcal epoetiing cf bydPGsepboaQ ohonXcl ho a pepspootlv© 
C 3 ^ed GO FocapdQ to ncoo of Bttcloap padl&tioa la th© praetlee 

f 

poppocooc 

I 

/iaotbop bpQSis^ cf padlatioa cliGsalatpy of o?ganle ccz^ojsnds ' 
dovoli^cd by tb© eovdot acientists Is otndy of padlation Iesp- 
duood 02MatiG:a ppescoooo in opsanic cyatersoo )I*A®Bal£h tJlth 

OS-S0J-- 

eoliebGPo \gipg oappylmg ea coot sathodleal poseapch 

ia 1^0 tepiOo CEdc?p ntilisatica cf dlvepo© types cf padia* - 

ticas S»payO|> 'l^-PQdiatloa ef Co^j> feot ©lectPOOGo oiired 

— n td 

radlatica ef q tncloap poaetop. Aiathop© £2dnticn©d abovo/apo 

9S— S4 ; 

fipot to bavo foGEd that isadep Ippadiaticn cf llqaid 

I 

£:ydpc3GpboBO (boptoti^ao iooeetaaep b©nsoae» cyclchexao®# Gte») i 
GQtcipatod ulth oa^ygen the ozldation of the hydFooapbcno at 
POC21 tenpGi^atisp© csenpo genera ting popozidost eapbogyl ecs^ 
poGEdOo aiecholap acidso otCo^ t^e formation theo© ecc^oundo 
being oinBltaneono right from start of irradlati(m« In the 
caoo ef hydpcsarboaQ in C 37 dlnary ecnditlone the reaction of 
G^datioa is not chain reactiend Kthyl aXcdhol and aeetcn^ 
coleeoXeQ of nhlch eon tala cop© oo^able atoms ef hydrogoa 


OP© ozidisod on the chain lEeehanlsa with ebort ohaln. The 


Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 


I 


folCTing oafeoma augsoQtjsa Tjjr H.A.Baia»e fo? eaplanatloa of 

induced QZXdO'&l.'OEl 1.S l!>RQOd C21 ‘tho 

poFOsido radicals can fornisd by addition of 02yg©n ecIoo- 
nleo to th© free bydpoeapbon radical The slnjultanoon© foiTEa- 
tloa of th© rsdiolyslQ predicts is eau 8 ed by occurence of 
DC2» par^lXol reactioao of the poroxide radlcalo of oaa type 
or by sinmltaneouQ formatica of the VBrloos peroxide radlenlet 


fi ♦ 

®2 



RH 

Eooa 

r' - 

Ix 

^ V 

R'" — R 


0-0 


E6g ♦ 


ROOR^ 


ft 


// 


5-bH 


tit 


R’-C-B" ♦ 


• « 


Biradioal E , trhich can also arise isnder Irradlatitm of 
hydpocarb<mo inter act ins ^ith oxygen gives a molecule of adds 


♦ ^ 


0 - 

1 

- c" - 


R 


0 

) \ 

c — o 

1 

H 


R -- 


0 

I/ 

c 


- aa 


Oxydation of tsathRne by oxygen at roesm ten^rature under 

act! on of fact electron beam has furthermore been studied by 

100-102 

B^MoQlldsallov ot al« • They have not observed any 

chain reaction of oxide tiouo tooo"^ 

M.AikBalih as uell as M.I.Prosfeurnin are carrying oat in-, 
voGtigationo of radiation Induced oxidation of organic cem- 
peunda in aqueous solutions* In this case oxidation la main- 
ly caused by interaction of radlolysls products of solvent 
ulth dissolved subetanceo. Hence the oxidation can here talce 
place even in absence of molecular oxygen* 
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^ X03*10& 

0«A*SVoo^ci?aiQ aX« havo a 

ozBOiEjatica of* ffodlatica cSjcsilcal of Ibensoao Into 

p^QQoX la aqGooaQ Golotloao Slav© c^jsorved aa latoiPOO^lDS 

pSicsacnsEicai ylold of pSioia©! la pposoaco of Po^’^-loaa ©rq 

lEOPoacQ 3 ttnsQ qq agalu'’!^ tti-o ca?diaapjr yloXd aafi ©laoauts 6 

caX©©Qloo/lOO Gv* It Ejqq 'boos also azasstaod PQfiiatloa ladGsod 

X03 

ccdLdatlca of c^XoPboBGOHa la aqoooua ooXatioa .0 « It baa 

b©©a ppcf 7 cd bydpoXyGlo cf eblQp’bGason© play© an JjEpcsptant 

papt In tba FQdloIyGlo« 

, ICS 

HoAoEalcb ©t aXo bav© In^oatlgatsd ozldntloa of etbyl 
ac:*S loepPopyX ©tSasp In aqneoao solntiona nndop actlca cf 
X^pay© end feat oXeetPcn boaiao In tbo p2?oconco cf oiorgQQ tbo 
pPGSOGO of tSioli? osldatlon ppcaocd by oho^n znDabanlGa® Pro- 
d©sto Gf tb© pcaetlon In both t^o ©acoo apo popozldos (tbe 
yloXd lo aboat SO e:dXo<3giXoc/100 GoVq)p capbcnyX ccc^oaadG 
(tbo ylold 1 g ebe^at ES ciolco^alos/XOO OoV«)o aXccboXo end aolds« 
At teipopattnpoop ao It bao bGon cbonn by n*fcS.Ez>« 

nssol QEd noAoPPOCbsapaia ot alo cbala osidatlcn • 

cf X^TdPCGapbo^a xm^op aatlOB of padiatlcn taliaa pXaoo« Fcp 
I saotacsoo it Baas bos?n cbCQFvcd tliat nndop aetloa of ^-padia- 
papcffln In tbo ppocoBOO of ©zlgda 1© offeotlvaXy ©si- 
dlc©d at XE?-1S0® C glvlns fatty celdGp Ei© ppc©c?ao ©si- 
da ties ppccccd fioGonoFated cbain-bpanabing troebaniGSp 

xxo 

EoooatXy VoApBabb and Tons ^aa®— cbsben® hav© ©saia* 

Is^ tbo t©H;3»©FatnFQ dependoneo of Fadiation-GbenicaX osiOa- 
tiCD of s>-b©ptau© acd n-noBanGo Fof both bydFcoapbons otadiod 
^©F© aFo tco Fogioa© ef toz^poFatapo dopeEdenoo of tbo yield 
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cS csslfiatlca prcdcetco AZ tho Ifecq^jopattape 'belc:? 70® C 
yioMa Qiifl l£t!§©p6i:^aes;20 torz^jcpato?© are ^oopvadc At tG2>' 
papatcspo above TO® tbo ylLeid cif FodloXysls ppcduote 
iRopcaoos ulth tcr^popatopop poacblag in the caoe of popoxidee 
tfe© veicie of SO-40 riioloeiaies/iCD 0oVo In the c«©© of padla^ 
tica indesed osidatlcB of n^altiQEieo as it bas been sboun ia 
tb© popcp cicatic^riodj) iatopfopeiiiee of chain and opdlsapy poae- 
ticn necisaaissi is s distinctive fcatnpOo The tosrpepatnpso ®t 
obleb the chain peectioa ape initiatedp is dependent oa natnp© 
I cf Ippediatod cfs^cumdo 

A annbep cf soviet scientiots apo stadying the offoeto 

cf ionising padiatica on miztuipo of cspgaaic ccTsgsoiaEdo© Th© 

111-113 

uopti cf EboSoEagdacaPien vtth eollebop. Is cf a ccsr- 

oidGPablo theopotical In tapes to Bzazaining ^ -padiatioa Ib^* 
dnsed dccczj>ooition (sf boancyl popozides in vapioos solvonto 
the antt:icpo can ticnsd above have foiasd that in bensen© oolcr* ■ 
ticna effective tpanofop of ezcltotlon energy fpen boasone 
Eolocnloe to ^Pozido Eiolecnloa ©ccops^ increasing la a olg- 
nif leant decpeo the padlntlca ebcoieal yield of its decayo 
l^op poacticn stsdiod czcltaticn eaer^ tpanofer lo <^oewcd 
if colectaloa of both the constituents of the solution have 
aPGzsatie groupCo Fo^ eza^lo^ in cyclc^ezane and ethyl acet- 
ate oolutlcBa the cner^ transfer fpcaa solvent does not cc- 
euTj, QEd Q chain reaction cf decfErposltioa of perosldo io 
iEdcLced by ptadicals fopEod under irradiation of oolvents« 
Eoeever any oisple correlation boteeen structure of csolo- 
. 1 ■ cealoQ QEd itc ability to accept the, ezeitation oner^ dcoa 
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/ 

; 


not oatlo^ * Pos«. esn£::g>10o fizobevizono dooo aec©pt tEsa 
©SGito^loa i^o q^XgoqXo© ctKs^alE tin© 

3?ln20 cGsyia^tGd ultSs dc'^blo bcsido Sgss ccrpoamd© sc- 

Uvo seceptoo of t£i© spo Eiagllglbly cspablo ©p ciaea- 

pablo at all to \zoq t£io eiaopg ?7 'fop cbessleal tPaiaofoPESattca* 
Pop InotflESOf, caels q ecrrfjtid la pfeanylacotpipbes^l Estbamoo 
cblcb &COQ Eict filGGOslato PsdlcsXoo t-ipd( ^ p actioQ of oseX— 
tatlca onspoy seecptcd la qpltQ ©f tbe fact tbat thia poeo- 


tXC3 ccc^apQ escXXy tssidop tbo action cf boa to 

In tbo PccoHt papop of KboSoBas^osplna ©t alo 02a- 

nlE^tion cf PQdloXyolo cf diluted bsaaoso soXutlcna <af opganle 
diOEalpbidcQ ecntalnlEis apcnatlc einid aliphatic subs tit uonta 


bao boGS doespibedo 15330 to tBiG padiatlcn ©ei 9 p ^7 tpasefop 
fi?03 tbo eolveat to tbo dlooolved cciH^otmdp tb© yleldo of 
deccqpeoitica of dioulpbidos bave been foussd to b© ©uffleleat- 
ly GOP© bleb tbsn tb© yield b©in^ espocted In tb© cao© obon 
all Ecoaat Gf ©aopesr aboopbod by tbosa uould b© epoat ecsEpXo- 
toly fop tbolp doccGpooltic 2 io Tb© ®nep©r tpaaesfop offleiency 


boo bcca fesGiid 1 q tJao uopb p©fop€?d to b© depeEidoat ea tbo 


Eatopo of dloalpbldoo Eaesp dipbcayldisnlpbid© acd di— 



bom^^lfilotalpbido sp© ©pppoainiatoly Identical cnopgy aecop— 
topop nbllo Qccoptiias capacity cf dlbeiasQyldiQulpMd© 1 q half 
of that €Sf tSi© fopmapQo Alipbatlo disalphidea (diethyldiaul- 
-pMdGo 41®3^1dlO5ilpbld0) E:anifeQt kiop© loo deccsrpoaltlca 
yioldo tboa tboo© ©f apC3:atic dioolpbidesp do© to tb© ecar- 
Gidopably cnallep latepcsolccuXap energy tpnnofer efficiency. 
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V ! 
i 
I 


I 

\l . 


A c? papopo Esovo 1b© ©a pabllo^ed "by otwrl©^ au^b- 

cpOo fiGaliEiS ultEi pedletlC2)-eh(223ical halogeBatloa© afaldatlca® 
ot©o PoVoZinatedv Qt al© bavQ ©zsaalecjd ©f^ea^a ©S* ^ -padia*' 

^G3 G? Cq^ ca ehlcplnatiGQ poactica c? fecacoG© ia V 20 
pai?at 52 i?o posica £1?C3 —80 %o ^40® C© Pad! a ties cSisaleal 

e^cpiaaiiloa boascc© I2QC hecm fciand ppceoed trltSs tfeo 
jrleld ^COCO C3leeal©o/lC0 ®oVo» tbe pocaltlo^ cstoplal 
fcavilEiS^Gva^cd blf^^^casleal ^ — locszsp c5* laosa— 

©^lc?Q27ele^2osaco la ceiiiS^^ploGa ultSi laflao^ial ppodac^ ob- 
^1 elo< 2 pI>otcsbc:2ilCGl 

ot^QQtQ of teats Ids padietiea oa nlstopoo of 'feoasoisQ — 
-QEczaDtao boasotiG-capboa tofepaci;33.cptfiOo aad tocmsoDG-capbca 

'&o-fc?Qd^loptd© nitEi ecn^ODDda ecDtalatl" flacPlao EiavQ Tbooa 

116 - 11 © 

©isaoiDOd b 27 AonoZicata ui^ eollabcp© • la Dlzttspo 

of bcDSGDQ and eirDeDia tas^op ^ — Ippadiattca ajaillELS 0ltb 
Q cdgII yield to t^GPCGdo la Vao easo of tEse boEasoEa-eapbea 
to^aeblopld© cyoten ^'opc:a^leD cf neaoahlopobGEZotPlQbl^id© 
baQ bcoa cbcopvcd (papallel ultb oe:::© otbop padtolyolo ppo- 
dDsto)o to otstDPGO Gf CCl^ ut^ taopgaal© f*lG©ptdoo 
sad boasQDQ altb otc^lOG^ ^lucpeapbcao i*la.©plEfltlcsi esP 

CCl^ QDd beDSCD© tattoo plaooo 

^ 119 

PoVoBsboGQtQpaalaa ©t qIo havo stadtod oEslcplaatlGa 
otlleea^GPganl© cgdcxopo aad polyESP© uadop effecto of 
^ — pedtattcD® 2 q eaotbop pepep of tb© authopo Eoaticaod 
podlottcD ebeiEtcal oalpbccblCEPlnattoa aad otnlpbcoxldatiCE 
C? pQPOfftBQ Q 3 uoll QQ BCD© polyinSPa QP© dOOCPlbodo 


130 
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n1 


n/ 


\l 


T 


Eccca?c^oo ca uopltlag up caf padifstlca-cheoleal 

<sf opganie ^TBtSioslQ ap© cappylBg oat la t^ls coantPST* 

XSX . 

K*AoKcshQShIro!v ©t alo have ppcpoaofi tho padiatioa-oho- 

dioal EEathcd ©f ppcpapatioa GfT tte-opgaale ccs^oasdo® Volo 
USB 

Spltsyn et alo have ueptied , cnat padtaticja chemical « 3 y&- 
thesis of* ba^l ©the? phoi 3 phGait 2 ? 5 l chlopido* ‘Jho poae- 
tiCB ppcseeds slth a good ^ield ut^dop action ?aot el©©— 
tpoa bosa ©n oolotiCB © 2 * phcophosaltpyl ohl<K?ido iia la-ba^l. 
Qlecholo 

Radlatica-chonlcQl tPQiao^‘©pns 2 ticas ia (Syoo aad oahata©?- 

©00 cf* bieohomlcal latopsst qpo also bolag stadied by oovlet 
r' 123 

ch 0 cslotOo\loVoVopGoehiaol^ hao ©mmlaed the qyathosls 
QBd tpaao^cpn^tlcBo ©f leaoo-ecii^caado ©f the dyoo agdog 


actica 


-PDdlatlcB ef Co 

. cynths 

123*123 


60 


as sell as the elYecto oS* 

124 

T -PodiatlcB ca cynthsoio of* ladqpheaol o In a nartbop 

123-128 

OS? ooviot papepo the padlolyclo aethyloae blao 

129 

is c<3pDoao oolatica io fieocpibodo HoAoPpoohnpBin ot alo 
GsealEscd padlolytle decolopatlca cf ladlgo capmlne Goluticao» 
A laPG^ B^irfbep Inveotlgaticas deals aith tho effects of 

lonlsiE^ PQdlatlca oa oabstaaoes of Mologleal latepeat^ i.e* 

ISO 131 138 

ppoteiao 9 amlacacids 9 caphchydpateo « aalinal 

1S3 

fete 9 otCo Hadiolyala of ppotopopphypla has been esemia- 

134 

cd by loVoVopOGehiashy • 


6o Radieticm polymeri^tioa 

Hadiatica polymepi 2 atiDa 9 at ppeooatp paahs pa the? hi^ 
ac2C3s tiho ppcblems to be solved foa? the uses of loalstn^ 

padiatica in the ppseticeo ^Hais is called fopth by the fact 

Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 


-SO- 







mat In Cd? eae^Q tbs padiatloa induced polyiEsi?!- 

sa^ica so has l>©ea ciioiTn in a nngibog of papopo InoXndlng 
Qcr 3 papers of scpvlei anthoge p ppoceeda a chain Eschah- 
iGDp the ppoeeoa he lug initiated toy free padloalo aplalng 
Qsadeg Ippadistion cf the caGncsiop® 


Heacopchoo in podia tl©n poiynrsFisatioa ap© cappied ©at 


la many ceantpioso la the the nopk in this field poallso 


Bt>‘Sbnofived©v 


iss, 1S3 


BoLoTaetlia 


142 


p rS^S.Bogdoeaplaa 


137, 13a 


p A* Btt Atokin 


139-141. 


end ©thop soviet inveotigatopo* 


/jzsag the poeeat iaveotigatlGBs oa this topic that of 

BoIto'Pcotllap V.AoSsPgeevp SoHoRof Ikovo V^VoKogohak, P.Ya* 

142 

QlaoGaov oad I«eDoBatola ^ ecaeopaias Podiatica cheniical 
polyirsplsstioa ef EDtlj37l-i:23thacpylat©j> is of a coasidopatol© 
thooPQtiealfcad ppaetleal int©p 0 ot« la the pgeoGiico of air 
the c:ethyl inethscpylsto has toeea foaad not to bo polyneplsed 


anilop QCtioa of ieaisia^j padiatioiu Hcoovop, opcataaeoao poly- = 
CLOPisatica cf the Ippadiated laatoplal ppocoeda at poom and 
Icuep teiiroopQtQp© to the hl^ degpee of the ecnvopclcao «ft©g i 

j 

acco30 to the catovlal of the acSjleat al? hao toeea stop- 

, f 

ped^ Investisatic^s of the polymeFisatloa kinetics of Ipga- 

I 

diet! on and at vapions tcspepatupesp indicated that© In th© -o' 
fip’Ot degpoe of appposiGssticno the pFoceso by Its chapacteg 
io idcDtioal to polymepizatloa pfocgqd of peroxide typ© and 

1 

anothop ^7P05 of padieal polyceplzaticao On c^lnica of the 
attthepo <3(f the papQP eitod^ tho polymapi nation ppoeoes io 
initiated hy ppcdaets of padiatloa ehoEalcal oxlfiatica of 
'cetliyl EzothacEylato (ppobably pepozideo foFEsd by Intepeo- 
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of ppinapy fyee Fadicalo osygoa)® Being high active 
tSiooG products create possibility tbe lou- temper a ture polyme- 
risation to be executed® The feature of interest la the fact 
the curves reproeontlng polymsrizatloa kinetics are In this 

case E3ti?o omooth in coo-parison uith those in the case of poly— 

<■ 

EioriSQtlcn by uieasc^l peroxide® The **gol-eff0ct’* in the pro- 




caosGO doccipibcd take plso© dlaon q ceasldersbly raaro hlg^ do- 
greo of ccnvopoicn Is Dshievod oad the ratio of 
reaction rate ia the oolf-aceelorstlca ■ otago to ^0 initial 
i'<j 5 ?ato Afji cf cmlXor valEo© eurvoo ropposoatiiag tho 

Gf rati© cf polyEnerlsatlca rate in a given Esrsat to 
^ ,'''^^^0 Initial rate rolativo duration of tho procooa ar© 
;'(v"'chc^ in Figo 9o 



Eecoatly t!io papai? ©f SoS^Eodvedovj, A®D®Ahliia ulth ool^ 


X4S 


\ "" ^Gb><, about poiyETjriSQtioa cf tsndes? 

7\0 •(<*\ 


X- 


redieticn 


uao pi^lichedo la this uorks the rate csf radiation 
poSyaarisaticn cf othylene ia ©dutlca and in gasecuo phocQ 



■ .i;V 




usLdO!? vopieao iproocuroo (©cacontraticaG)^ as uell as soroo 


prcil^ertiGO cf polyciDPO foriood have been examined® At a pro©- 
GU 2 ?o ©0 Q%o^o tor^peratur© 35 ®0 and doce rat© 98 rcentgoh/coo 
polycoriGQtien ©f othylene in heptane^ cyclc^exanop cathyl 
alcch©! and ace ten preceodo uith q rate 10 tiises ©xceediiag 
t!:iO rato of tho polymsrisaticn in gaseous phase nt the goe:© 
procooreo^a carboa tetra chloride tetrachl or alkanes xjlth 
“j” vorioua colocular ©eight are f ormedo At the Initial stages 

prccoGG ppcceodG ©ith aeeolGraticao further the rate c£^ tho 
p!?csoco "boiEig eonotaat® Tho rate cf the process is prc^orticnal 
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j 

I 

i 

I 

I 

{ 


I 



to fiooo s»ato Ig the pouop 0*3» uJiile tho yedlatlca 

yiold Ie pFcpoFtioaal to tho dose pate In the po\5©ff 

0o7o ,^o 'pOGultiEs polyothyleso possesoos hi^op denai^ 
(Oo8«AB«OoS75 g/so^) and cpyotalllnlty than the hl^ ppoocmp© • 


polyothylono^ Tonolle atrengh of the polyC^thylon© ppopaped 

f 

hy ‘padlatlcm-chcsieal inathod diffopa little fpom that of tho 
S«?0QaaP0 polyothylenoo 

138 

KhoQoBac^OQPlanp VoV.Voevcdaljy et al« havo cap- 
pled oat invooti^tloB cf gpaft-polyciapl nation oith 


toflono Pop elacidatica of n^^chaalGci of the ppoceas a cathod 

of ©lectPOB c^ia pescaaiaco has been esployed* 

1^ 

KhoUoUessasief^o DofJo£5usaovs> RoS^^Tlllaev have Inves-*- 

tlgated the padtatloa chemical icethod of ppepapatioo gpaft 

eGpolyGsra in the ^atenis polyatypoae— acpylnltpyl nnd pep— 

chloPvii^l-acpylnitPyXo It has been oboepved in the caee of ■ 

polystyrene and aepylaitpyl that the peactlon ppcceeds la a 

polyo^Tpene filn s^jollen la acpyinitpyl undep radlatlca ap 
6 6 

to docQ lolO -<iolO pcsntgcao Propapatioa cf gpaft copoly- 

on tho basis of pep chlorvinyl and acpylnitpyl oas ac- 

ecCTllshcd by ippadiatlcn of a pepchlopvinyl film (in pp©- 

cenco ef bIp) uith the ccasequent tpeatfsent olth acpylnltryl* 

Ad it has besB meatioaed^ padiatlon polyntsp lotion In 

tho n^st of eaGGQ ppoeeods by a fpoo padieal Esehaalsiao 

Hcucvop© Foeoatly it hno boon eotabliahed that undep captain 

eCiiditiosa (Oogo at lo^7 t©E3>opatup©) polyEarizatioa undop 

cctiGa of Ionizing padlatica can also ppoceed by eapboniiu^- 

139 14il 

ccohaaiE-ia ^us AoJ^oAbliin ot qI© * ha^ decysnc— 
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n/ 

V V 


lO' 




Nf 


i 




tFQted ^is fact “by copolyESFizatioa in tbo systei^j ioobiat^l— 
en©- vinyl ifiene chlorldo^, stypene-Estliyl asathncFylato^ loobut- 
yleito-stypesie. Recently pesulta Indicative of poo- 

sibility for the reaction to proceed hy a carb-anioa mach- 
snlGm hav© been obtained^ Aery Ini try ©hlch Boleeuleo cca- 
taia an electrctiogativ© group, ia polymerlsod uaflep sotlon 
cf ^ — padletlcn Co in solvents containing nucleof ille 

©ubstltuentc (Go go trietfeylanine or dln:etbylfoK 2 aEiidQ) bat 
Is not polyESplEod ia th© oolveata containing ©Xootroflllc 
GS?cqp (oogo etSsyl chi or id© )o Oa the other hand, in ethyl cblo^* 
Fido Dtyrono is polymarlsedo |xa the table 2 tho data obtained 
by AoBoiibliiE and collabor. ap© poppeseatod coacepnlng polyEsri- 
satloa of acpylnitpyl in a various solvents at tenipepatuFQ 


-78® C uafiQP effects ef 


r- 


padiaticiw 


Table 2 


f2©acrx?F 

Cczacentratibn Polymer izat ion 

of raoncmer , 
nol/1 

rat© (mol/1 ❖lO^ ) 

ins 



ethyl 

chlorido 

dytzethyl 

fopmaialde 

trlothyl- in ■ 

simlne bloeh i 

Sty? 0 t !0 

2^0 

1,95 

no polymerization 

Acpyl- 

nitpyl 

3*5 

no poly- 
moplzatloa 

0*97 

0.67 0.81 


If eppolyisopisation of acpylnitryl and etyreae la diE^t- 
EiylfopcaHid solution ia cappled out at -78® C, the resulting 
eopolyciepe have found by suthopa mentioned , to be highly ©n- 
piched by nltpyl cespoEent in ccn?)aPioon ulth the original 
mlstUFO* All theso data are indicative of poosibllity to 
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V 


-4.. 


ecopbaziiea i?©2.srn:3Pim^ca ^27 tfea ectica 

g 5* iG3i3ls:i3 pcMaticnoo 

cS* cr3>lc:^7COQ^i g? ic::iisiE^ padiatlca ?®i? 

pr’epas’Q^ea ©f lEe^genie po3^;?^j?o gi?o bogoa by sovlol^ celee?- 

X45 

tlotOo S^oco VoXoCaitcya alo £iavG des^ofeFQtod 

f 

psoolblli^ <2? polytpipacall^ica of x^eopbcaitpyl *. - - 
©JsXgspIcSo tzito? Glcs^pca Podlnt^e^o It io esf iatoFoot that la 
©ac3 po2ysG3PC)S3tlGa ppcscofio caly in ppecGsieo caf caasreoao 

PfsXwwn 

In tSiio 0SC2 fipot Q7otci3tle laveotlgatlons of ©jpfeets cf 

pcdiatlen en poX^T^op r-otoplalo uepo caipplod c^at VoAolSapglQ 

ulta ecXlcbo qcg:3Q2?b£q3o cialnlLyp e^as© cs? tbopco. 

-E^e&snlcQl pPG?poi?tloo cf ippadistoi EatoplaXoo At ppooeat 

ICTTOOtlGotlGno la tblQ field ape bolaj^ earpled cat ^ a esst^qp < 

(Ef c^ot CQiontlQtQp (SoSoZlodvodGVo CoioKappevp YacSofesnpIsiao; 

BoIso^cotliDo HoAcSlop©!iboto7ap AoBoYaabscaa)* 

T7 T IT A -s leo, 151 

VoLoKai?pov Qt alo Gtedlod effeet ^ padlatloa 

cn VGPicao polycDP ombetaEGoo^o ^22<^ CG^lcyod Facaiatica of i 
caiffcpcnt HlEdo laslafilEs ot- crjl ^-padlatica of padca 
Gi-a ppcdGGto Gf Ito Ololntogpatlcap ’ '^-Fa<aiatlca of 
foot olcotpcn bOGEiOp Edbied ippodlatloa ef naeloap poactop* 

St CDQ fc^md that all ^olycops eaa bo subdivided into too 
pplDGijj^al cs*G? 2 poo polyczapo ef tb© fipst gpoisp apo efeapac- 
toplEcd by ppcdcrdnaiseo esf dcatPueUea E^J^ceeQsooo i*Oo pisp- 
tnpo ef po2yr:op ebalSo ISio polycaPBo la nbleb uade? eetion 
~ o £2occapet:ioo is tbo flold ©f psdiation ebsatotpy of 
peSyerDPG bad boon bo^jan by VoLoKappov in 1947* 
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ppceoGO c? epGooliatiiai^ ppc-dcalmantoop l*o* 
ca^lca G? cticraieol Ibec^^o bo^uooB Eaepcsdleeulosp coi&stltTito 
ec^czS. 




\y 


Gao ovoluitiC3 p©lyErDFo uiiflop iFpRdiatlca stofllcd 
, ISO; IS>2 

w VoI-oKfippo7 0^ olo obd QcrzD ecacXasieaa oc^cePBins 

cDelQSEiica csf* pcdla^ea cEjosnlcfaX pcac^lca tn pol^is^po uepo 

Zb eoco epoos-linliXs^ peXsricapQ Eajop pap^ 
G? nao cavolvca ao ^(aj-c^ois, j^ao fop iastacoQ, qeiIsp ippafile^ 
aicn di pdi^Q’&s^XoLiQ sbo ©volvsfi ecatalno ds^s ^ of hffSse- 
CPtio Eiio ®£n feo e©2fli?ca.ttc3 lass ougsoatioa tasi't ta® 
epeooliataEs ppcscco paoaoo letoPEsaiat© oteg® <sS 

^cpcaUca S^Go pedieela t>j7 Pcptee of C-B bcaSs, Bastoastloa 
<2? PoSjCDPO JLo c^copvcd In all eaooo xj&sn Sjs Eala e^ia 
cj? caopcrolccGlG cca'Salno qtsatoptsaey espboa afccGG. Oa^iai? 
iPPcSlatlea es? cash poIjtcgpo ^ ovolviBg gas ts Inporoplolica 
^ flu Ec?£2!7egDa acS eoafcaias ccaoleJopsblo essaat of* ccEpoaads 
I Pocaltlog f*!?£a (aoteeMEg <s£ oMs EP©as,a at qeatopEasy capboa 

I 

Sn tijolp aavootlgaUcao Vot.Kappop aaiS H.A.aiovotaaotOTO^I 
cnzsilcyca nlSely a?oetJ?Ql catbcas, Sy mo tacisalqae it fisao ! 

i 

been f’CGsna la tfcs eaos cf polyotbyloas that Ipi-adlatiea p©- 
OQlto In opeScal aiGappenpEESs oS* vlEsrlldoa® doable beedoo 
rmeb c©po ppeceafe la tJja cplciaal cateplal la a Uttle ameaat, 
Oil'S ^epnatlen eso SenbXo bojsdo ®? tbe tPano-vlayl typo 
(cnaoSi? esa^egates). PcsTcaUen of tbo Seme boado Is aloo 
c.'bco!?^cS am mo eaco eg* SoatPaeUms peOytaops. polyleefeatyl- 
j fopcntaeai G^? deaible beads ppcsssdo In all pposbablll^j 
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^ follc^lias fg- E-atcD absteaotica f3?03 ssec®r- 

te?j 7 eoptoea aftca t£;o parUcal of tii© folloolag ^7P® a^leesJ 

n =c -CH - c - s' 

S s 

Eoecaco ^ otei?ic ^Sc paflicnl c«miot fora - 

oj^oco-iaotio esiiloPG^os 

cn ‘ CHg 

I 3 / ^ o B* 

B — G — CH tsC-CBrr 


B « c - on 


CQg eSg 


C » CH c . Cv 


CH, 


^ 5 lGfz?a«> 2 ?ctS opocfe?a feas liol^od filsec^op 
BCCtaXilaPltioo cf ©f 2.^j?adintiC3 pol^7E:3S»o 

cwcpa alPo E^io ^PGSOso haQ 'boaa feacd ’bplns at>ca^ 

fdPCa^CD ©f os:l«»fji?©i5po ISso polycsp • ABO'feSios? p&oacst3aG3a of 

150»l52alS6 . - . ^ 

c’^DCorT^rcd “fey VoI*<»ICnrp©7 at alo *s aeowcsr— 

ef im polyEoPo imdop ©ffocto of 

ties <2? C©®° OP feot ,ol 0 Cfcpe= 8 . Essa© ppoeesces oope (S&capvefi 

to ^^20 eacoo cf poS^^otls^loaop gtattepopelaEip cc-polysap cf vluyl 
otiUcnpiL^ilo QCd vliyiidOii-o G2al<K?S.<S3p polytatpafluiwpo'tbyl'OS® siad 
ecED ©tI^o3? e2?yotalliE.o p©lyE:3i?0o 


VoS>o2Qi?pe:?o 5*o;ioBlGir32isfold ot aXi 


esano ffif 
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‘ZjQQt:?Bo £iboG£?ptic:a opoat^a aed 

olcctpcra cpia poQG7iaE30 cpoctpa of ippciflla’&ofi pol^tisylehloplfio 
Suave ppeved tSsat the ppcfcatid chnas^o ©boopvod ia this ssatep- 
ial osidcp oloetPGa Ippsdlatica ecaolst ehlefly la splitting 
Gfi" Sisydpoaca ehlopldo aaol fornation dosTolo Txasd* Oa oplnlC3 
: of tho as^opop fpco PG?ilGQlG are' PGcpcaoltjlo fep ehange cf 

eolc: 2 i? la polyvlssrl^shlcpide asdop effects ef padlatleao 12aolp 
, Qvallahilits?' In the ippcdiated polynop has boon ppovcd by eloe- 

' tpca GpiQ poocnei2ao Eiethedo tholp eesee^tpatie^ bol'ag doapoaoed 

elth tlEET? ppec^ooaic::2o '^is dcopeaolBg lo caaocd by p©c©2:2)laQ- 
/ tloa ef the pcdicalo la ovcacetcd polyer^p eE:2 by latopactlca 

: cf the pedleolo nl^ eiryconp pooultiizsg la fqpfzatlca cf poposldo 

1 

pcdlcnlo If osycP^ acallabloo 

15Qc>lS9 

E2G papopo cnf AoBo^ecbDQa ot q 1« deal ultb ppo- 

bleeps ef cltsoldetii 25 pccallaPltloo ©f Fadlatica deotPtiatlGa 
' ef pelyDepoo have osasiiicd the offset o of oloetpca padta«» 

: tlca aad tesipepatepo ©a dootpaetlca ef polytotpaflaopo^ 

I 

i thyleaoo polymethylE^etaepylat© and polyotJayloaoo The aathop© 

hove <^3tGlacd chapp ehaase la i?Qte ©f gas €?volatl©a imdop 

j lypcdlatica la mpPGa tcupopatapo peglcsa ubOF© Editing 

(se^oalng) cf polyeeps lo cbacsvcGo 

phonc: 23 Bn cf eresollahing in polyaepo apo In fccas 

€f attoatlea cf oevlet ehcaicto sine© da© to this pyocooo 

tho cest of polyneps acqaip© the valnabl© ppcpsptieoo The - 

ceohanlsn of cposollahiBg in polyetbylea® bao boon osoraiEicd 

160»161 

by SpSohedvedev ©t al« • ’Rie tesspopatnpo dopondenc© 

ef epo 3 r>-lin!U.Eig In this matepial Ie^IIqs th© cposs-linblng 
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I 

I 



'bot’DS PGoaltca 'W ©f txjo ^dpogea a terras 

in a alnrjlo pi’lirary act ti^c:n. ttjO cd^acGat c:3e?G:aol©cal©s« 

r" xss 

\ VoVoVcovedolsy ot qIo oiisndGod ^ eooes of 

E£3-cattic^ fcpcatlcn c? f:?GO pcdleslQ in Iprafi ta tod poll?- 


ot^JS/lcaOd EadleaXc ©f . tuo tiiEdc (cf Q3.t^l and allyl tSTP^a) 

< 

hQV© 'fecoa eTDcoiTTCd In ippcdlLatod 0talJll5-^ 

C2f tSioc© j?GdieQlo io diff^QPcnt Icp^^lns tbo dlffoFoat laactesica 

} 

of tSaoiy TOCGibimtien^ Gn opinlcn of aatJioGQ ^lo | 

nstica G? i»adlcQla aeeemla'tcd ia eomiFCo ©f Sj?i7Gdisti®n imat 

i 

plosr an &E:3)CC?tsnt paPt in ppccaos ef e?©oo-liQlsins pol57- 
otterXenOo 

In pccQntly pn^Xicl^od papop ©f SoSoCedvodov ©t al« , 

ecnslooicmo Gf a ecBoidopa&Xo intopoot to70 "bean dQdosGd ; 

©ensopnin^ a ppotGCticn- cffoct coG^sssiicn csf pins® j 

in padioi^^oio cf pdlyot^fPoneo Pol^otypeno is tmeoa to laav© 

Q PGdlatica otabilitST? i® cf poXpotl^leBG fop- 

csticn 0 ^* a oinslQ crocs— poqmiPGO 25 — 35 ©«v«p ^11© 
in tbo eo0o pol^otypono 3000 — 5000 QoVo aro aecosoaipy* 

Basins Gn invootisaticno of mdiGSysio ef toXcotiiO Xcbollcd 
Isff Contopicn antbGPO Bqvo oenel^j^dod ttao padlo-* 

ticn otabilitF <2^ pol 570 ^J?eEio is XaPgQl^ ceased tiy diopro- 
pf 2 ?ticna!^ic 3 pQaetion pricary psdicalo X3lth ^cXcSiosadletsyX 


^ At padioXyaio tolnon© the padleals tes^md have 
Q otmettspo oisiiXap to "^sst cf tho padicoXo ap loins poXy— 
otys?©^ sndop ippadiatiosu 
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PQdiealo cndGP Ippadialilcsifi • 

-N/CHg - ^ - CBq' * Oa^'^CE^ -CH - CH - CH^ 

4 * 0^,06 ’ 

Gyelcllicsaaicr^l PplcsEy 

padicol PGdacal 


E 3 lC 3 Qloo 


1Q6 


Ytio 8 o1»qsi2pEs2.q Odd QoPo 0 cb 3 Eic 7 " hsvo QimaS^cd pQdia~ 
Mc 3 opeooMiilsiEss ©f peJ^dilria^loilGi^ tTBleaailCQ^ 

pcoolMacj deiicaotpat© cr:x) Ulc^ ctDc-^r^h Q^a poolotaaso t@ 
fPconlEsj ^cm cb^sicca by eaiivoGiiicnal catbcdOo Eefiia® 

c^CG&eal epooc-llGblGC (vQieanii3a^p3.cG) pooiDo io oq 

C!f r-ocoapca .\cSoKaa=iinc!:ys, VoLoKarp<s7 

iGS 2 jS3 

QC5 1?oS»nitti<^Da ^ o Hadistlca valeaaicatiGrG €£ dilf^02?OGt^ 
pooto bop .bccTa catabliDhcd l^iy aatbceo ^ eaa bo a C 3 ^::ted 
c? ppopapo^iCG of pii£:bbopo uitb cou voloamo ppcpop^coo 

, 3.ii,P2Vl0VQ„ S.B.SQf'atG7o-B,l..icQmia feavo (g»)teiEoa 

o^^oplip^G^S. cviCoaeo cppca2.to pcaeticaap loOo 

PGasoilGG c? epeac—XSoli^js^ and ■yiafe o£* dco'&Fiiio'feilcjG tjs^op se^iCB 
c? paaHaCilCG cg' polysnidoo ppeoood QtiEalll^aoeaoS^o ^o aol^cspa 
ha^o Rcecrpllcbcfl ccabiEod iavectlG^tlGGa iaelcdlaw i^o ebancp 
©5* coct:3aieDl ppcpQP feieop no noil aa tbo ppopopii^OQ oole- 

oiiCGOo ^bo ebouco g? goIcogXqp colcbt aad csilcoiallap dlo» 

ftecliicm ©f tbo'lppadiatcd n3^€?i?2.Qll<v ^ ^lo coaiao 
CLci7 cGSGcc^Sod Jla dlc^Sja^o^cb^n^ cf* papaS^ol pca©- 

O^lCGo ef cpoao-liobiiis Qt:5 dobtpco^emo EeaevoPo tbo epeoo 
«»2.iQr:dlGC is a ppc2o23iisaa1i ppGsooo ccd VHloaaliSQtiea poSy-^ 

' CP^Co id ea ^‘iaal ' poasiit ©S' ippadia^ica ©£* ^is eatopiaio 
GsoonO is^ooMrpticbp c!? ebajasos ia ppopoptios ^ 
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2ir::3SiQto3o^ in c©"^eo cf iS’pediRMcn acoern* 

r)lic!:cca omtot colontiota gi?g oT q e©aQlflo5»a^lo iBtopoot>« 

JIGQ 

^120 SoSearrcgtsin alo h^o osR::3incS e!iiaBso <st CDc^anieal 

p57G2PO2?ilG0 pol^TCOPO Is C^aPGO CJ? ii?:?adiQftl€3 

f1?G3 nnoloap pcgGoGPo novoPoit^lQ PQdiaties-CDGSiaBiQQl eflPosta 

/ 

Eaavo 'hooa c'itcQSTVcfl to aepsap la tfco eeapca of Is’pyadiatieao 
loO, cEiaago e? caehaaiaal pscportSoo appoaps 1 b t&o tisa eff 

Ippeaaotiea oEfl dlcQpipoQPo aftop Ippadlatlca liao bosn oteppoflo 

asves-oltJio eBsacaoo an CQC-psaotoa^aiity of pol^naapo la tho 

tto e? V-lppcaaotlea Doto bcca oscaarioa ^ V.L.Eappov 
169 

0t alo o St fcao IbcoQ fccaa tfeat cDioa Co®® aoupoe ef 
'^-paeiotlca So pat la cs? eat tto pate cf cao dllffuolcsa 
■ ■ejpcacij tbs poSpcap eniloPGGoo a e&app eboarjo, apppeaeaiag of top i- 
to7Q6lQtao3 tSsa eplglnal vqXeoo bat otlll posnlalag Qll^^tljr 
fciScJjop ^ijat tJjo lottoPo 

7a»a®Vc!Pct;avc!57(, 0®YaeVaallSoVi) V.L.JCappove fOeSoltasaptslm 
on^ ZoirE!oPO'fel?C77 r^DVO Ct^Glflicd lOOtOpO ©3reh?5B0O l3©tT7COQ 
_ dcnl^picn 020 qeS 8©Xid polsTinopo la Pedla^tca f^lold 

G^* a ncGlC'ax? pcae^cp to o^aml^ ulsctl^ep Bsgrdpo^yoa ifpcn gnooosiQ 
p!2Qco csn Ic^jlDBtcd Into poI^ti^dp coIosbIoq la coopoo of* , 

, iPPsdlQtlcso Polyottiylono Qi:d polypl^ylea© have bcea ppcsved ' 

^ to tJ?Gp ^ E-jot emciiat cf 3:5ydpecQa la ecrpaipisoa altSs otSiop 

I 

: pdS^copo Gsai3l!2odo poto e^* lootoi>o ©scl^sa^ la stsp© alotj 

1 

I In caco polj/bntadlenG and polyotypeas® ISie ostJjerQ hsivo 

j IntPnslca doatoptea le eaaaed "by poqq- 

< 

j tics poXyESp pQdlQalo aplslag tsndep Ippadiatioa aod 
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lEoIeculea: 


S ❖ 

m 


J>g — ^ED 





❖ 

4- 


D 

HD 


oo 03k 


Dcqq of iooto^ ©xclianse tectenlqti© In uiflo oeaXe vitHo 
tedl^o aosiet to imdopotanfi more ec3^1©t©Xy ^0 cischQiBlssa cEf 
S>oXyE3S» ?adloVQi3« 



‘?o En^latrXrn QXor?3Bta.?y QCto 

(^\c^-V.aX...r?o^oaron . , 

Xa alX 0-2Gn2.eQX tiPoaofo^caticao la li?Fsdiat©d !£ato 3 ?iQl 
coeoicaapjr oloctPGGOo lonoo ©scited Esolecales and fi?oo padlo- 
qIo (iaelndiog etcsia) apo lavolvedo li^kmtlflcp.tlca cf 
thcoQ ]?i?cdEsto lo of a ai£:jai£*lCQat i^ei?taac© iPea? olcssldo* 
tlca ef c©s2iGalG3 C? psdiatie^-eizcir^leal poactlcrioo ^lo 
P2?cl3lc3 lo colvcd "by ccosao of maao opostffciiatFyp oloctpca 
D3>1b ote* 

171 

VoX*o^X®PGco Qcd SoDoPjpanliovlcIh G^plcyisag esoq 
cipce^erxJtpy ‘&oc£salqe3 to lavootlcatloa of pycdsaets feresd 
GiirSGi? oXoetPoa ic^jacto 1 b ocsa olinple Inopganio and ce»^q1q 
ccz3>C!32do la gaoooBG pl^cop iaavo foiaad that ta® Icwa-Eidlcjoul© 
FOQCtleao. pleylB^ an IcnpoptaBC papt la pplaapy Fadiatioa-* 
-cJicalcaX ppceoQCGo csa ^vo oiieltcd padiealsi 
tf ♦ EH ^ E2f ♦ a* 

tf ♦ E*a‘'— ««(UR*)* «. (a*')® 

13alo ptaoBg-Tinca, Siaa boon <^o 0 pvod in eany ppoceoseo in vapcisp 
^Coj^tolEldlEi^ ♦ HgO-n^HgOi^ ^ Hj CH^ 4. HgO -^HgO^ <>. CH^J 
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X78 

Ib papei? VoLoTal^Fcco polatod eat that 

f€s>Eatl©a Gsf dlfYopent tPapo undo? IPFadlstiCB (eopoelal- 

Xy 1 q the cae© ©? liydpeea'boas) can play an Is^oFtant past ia 
radiatlcn chcsiiotpyo IfedcF iFradiation tsf catoratod teydFo 
eaFhono een aFlc© anoatapatod cc:!:^c; 2 nds and tree radicals 
Icnls^tlcB potentialo of uhich aro Icoer than thoao at ael®-> 
cala© at eriginal atabotanao« Such ccnmounda and radlealQ « 

can oQt ao p-and i>-tJ?apo® lEicroaslns csf emoont ot the trapa 
in eesdonood phaca epoatoo tho cccditiens ohieh tevovs? tho 

p 2 ?Snclpal ©lerxxitary pFcaooQ condo ting la poecESslaatlon at 

‘’plno-nteao” pair to t>e iciflHGnscd d^ an adjacent tree ^yaXeclso^ 
023 ct too pcdleolo Qpioltao: at reoGz^inatlon can add to this 
tPQQ voXonoop tho ppohablll^ at la t top ppcscoo teolnsp ppse* 

tlcallye cxjtjaal to tbo nnit la tho ©aco czf liydpceaphea ayotcso 
l 3 PQat ImtcPOGt io erplGgreoat ct pnlood ippadlatlca 
coaonpOL-sat pat© coaotanto ct l©n«-col©cnl@ roaet&oio 


Ccriblalas polGcd ippedlatlea and etodo cpeotrc=:atpy t©ehalqno 

173 

VoI.o'Pal’peao and BoI»oPpQatovlch have dotopcatncd rate 


ecaotaats ^©p i^© i^ollcnlas roactifimas 

CH^ o 034 ^ ^ ^ 

H2O ^ ^ HgO ^ C3 


At S70® K pato ecaotant at th® forccar lo ©qtaal to XloQlO 
GOCop that at tfeiG latter la ©«5*10*^^ ©E?^ol«eoeo 
at -010® So 

174-178 

SJoRofQaltoIsy ot alo aro stndylng dloocsslatiCB 


-11 


at pathop loPG© coIgcuIoq nader ©loctroa lepacts nsln^ isass 
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cspectromatry tocSinlqtajQo Il2:aniaat;S.C3 C23Q 

174-175 

oted hydrocaFtxms lEidicQtcd &iSGi?DQ0fi.Ei5 ^ 

bslogane atcB quantity in the Doleculo poF coat Gf Eoloo- 

alar lone in Eaeo cpecti^a docreacoco 'E^o eutticc?o havo &1 q© 

176,177 

found that the rsoot ccEplcte cf ealenlatcd 

and ©apopizsoatal data taho place iihan opp^oninsatoly oqiaal 

pr^ahllity of fragEioat ica 4*C9Fn:aticn fpcn ©^02>37 part ©f csloc*- 

ale 1 b soppoaedo For Instnnee^ In Eaoa cpootrtBm of &p>ncsan0-&^ 
A 12 13 ♦ 12 IQ . 

lone 0*^2 0 C G aad Cg C hmo hcon cihcoFvcd 

In emsunts uhich are appFonlnatoly ©qeal to Faleo ohioh ©aa 
bo calculated ppcsooding tv(^ the eooeE 3 >tlca coatie^od nbo^eo 
Based ca analyolo csf Enas opcstoa Q©thc 2 »Q bavo ppcpcsod 
the fol^cclas cehcna of largo noloeuloa dlcaeolatlcaf 


H H H H H 'a S 

' i I , t I IS' I I 

a— c — c — c-t-c — c — ' c — c 

I I I , I I ' 1 I 

B H H .' H , H ; a B 


H B 

\ ■ ^ 

0 - c — n 

1 1 

H E 


Quit© reeoatly V,L,Tal*Foe© and B 6 l»<>PFQnE£Qva(gS 2 havo 
carried cut a ccs^arattv© imroGtlgatlea of Indoeed eloetJPlcal 
conductivity and behovlcur of free podleal in Iprediotod 
odid paraffin* t^ey have Esaaoupod c<mductivlty of papafflQ 
irradiated at 77® K in the tiEia of "amsallos". In tfelQ caoe 
M a oort of *’flartng-up" ef ccsidnetlvity have b©ca dlcacpopod 

(Flgo 10)* T^Iq pheno^^nca appears ao f cliche* At tocpepstciro 
V vi ( A ^ ‘U^dlffcring by scso dosoias degree fresa the toEperatur© ro^lca 

®aarh” conductivity tahe placop a coaoldopable taogoltGd© 

A \ '\P^ I 

n condEctlvity is obcerved* A ferthor IsccreaslBs csf to^ora- 

. '^"5 V / 

' ^ V 

: ^ M 
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\l 


a/ 


10 


ters the .^cdaeeo to ccadocUvltjr. tl«o- 

^oiBciteat ®ith the Pegloa 
to«.oooiBg cf ESH-olgnal lo ohce^ed. feoed «, theoe. 
flota the ooaeloslca hao heon dodue^aj^^^ foi®«tlca of loae 
to Ireadlated ooUd op liquid cateplal oaa ppococd thi-oa^ 

y-V.Vc3;roaohy ot ca 1S8. lEO-lcs eat Iffiooe- 

UCBUca cf psdlcals appcaPlBg la padlolyals cs-oaiaio and 
%%>CBn4o Qsrotcs. boIes ©loetoca ^la peoeaaaco toehniqBa. 

-j- gio ai^atBs pcsTBimcG th© c^jcopvatlca at B®-qp©etiPa to 
I . too eeapeo c<P Ippedlatloa «ito foot ©ioctoeas too hooa coao- 
I tomtoa aattoPo 1Q8, leo. Ej, ^ a^atoo 

I E® opoeteo oad Padlo.1 fc?r:otlca htoottoe have toon otadlei\ 
Sio pedlealo teeing neda?' toPadlaUoa of teflon to vao«Ea at 
Icsr tc=3.apat®o tovo tooa toma to have a long llfo-ttoo. to 
too ato toca? eoavoPt popcosldo i?cdloalo -CPg - a? . oPg - 

ean to ©toped at pc£3 tsegiopatapo top - i - O* 

[Za too eaco Of toacoao padieal© 0^ and have tooa 

^G3I2fl ZO 1CQ| 

< 53 ^ 3 ^ 03 % ♦ H? ♦ a CSjHy 

to toJOTtossrto (dl^oqs^, etc) ahstoactloa of 

B-atosa aad CSg _ gpeaq»8 ©itaatod In pajpa-poaltloa elth reo- 
Peot to rh^l eahatltamt eccoi-e to topm a radical hetog 
asalctscao to O^EL, 


0 0 0 
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la fMo vcmtQo uo hauo aicoooood ©csia Wssa- 

€? mK3iLaM.ca c^icrsio^ toToXcipasa in ossfl . 

^oi? i nofesn sog tScoo sca^oia gci^ ^©ccyip'iii^ 0^^ 
^C3to ef icsicicn PcaiQ^ca ea cotollizo^o oaa ©c£4-c<csSIa®i€:?Ofl 
C34t!ic:? Cgcq ccaCoto c^gs1©q 31 'laecjiEotey fiooiga r©^ii©« 
Uissi ©caapoooo navsp^ioDOo ifeo ecatcato cf ^ rOTloa gitre© 
m itos C2? ^ tziiGocOQio DC2?ts ia tto field cf Fadiatlesm 
l3t^ eaff:?lGd cali in ©saa. 

aG5?o io no in ncart yoojps and dooados ' c£ 3 »o 

ei^ EicsTo 2?cixi? g c . ^ Q^ea oonpcoo ^^rea ^pcoeni uiU ^ e^oll* 
oblo* aeoolca?Q^C3 ^eaSisaiqiao io £ 5 ®ln 3 io 

tc^VTC^ dey cf Effioleap paacicpo ia aloo gpCD* 

icOo Si tjcoenoo ^ica pocolblo t© ^ioia cot® and goto 
CQiiTO gi?esOTQioa ef opimeial Pdiicnctlv® icoi<^o. S2op£^ 
Ipolcocod ^27 QPQOiCn czolcdo ficoic^aj^ tJHSdOCS^icdXy^ fea mry^d 
to totOTO fo COT i^^ieraeal ^esoocoo io bo pat la F5?a«Ueo^ 

^1 ^:ieco C3fcGQ i^opcjpcsiivo f cp i?cdiatiC3 ebeniotey, 

c-siG!i io CEO c? jsserS pi?©gs7ocQtoo bpoai^laoo c? Eajdopn 
deal e ^OT& o^Ty end qgsoial e^cnical ongiEOTPtoQ* 

ef eoicniifie ccioccogoo ec^oTCd to tois i«?w 
S^espioai fidd boicocn eoi cniioto cf csiffoponi c^atoio® ®iXl 
ffngtSiOT pj?os!7oc3 ^cnicaX ocicac® esd iia c©» 
pl i c a ia iatopoaio or ?7 §^oX® 
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1. H.A.O!fl®7, Ejurn. Eaaa. ftz-Khim ^ ^ , 

. * a»aeh. (PlzXcb, otdela- 

»»yo)» 33, 2SS{ 1306i 

( 1322 )"°'^’ a - «« 

». a. 0,ii^a„ I.., ^ 

noQccfOp 1958. 

4. ^ ..3„„ 

34..4..2,. 2hi«.20,tt44 (2,2... 

Seoolca of* ths Aeadeerr of 

«caaeE7 of Sciences of the OsSa, Depart. 

csnt at CheiBical SclO. Izd A\re,A ■> 

^ Hauk 3S3H, Hoacoe. 

1956, p. s-?8. * 

E.4 2 „ 

4 ,.»?"■ “• *«• 

. T.a.2«.22«,. 2.., 2.2„ 

atCEaoi OEQpgll (Tslay doklndmr\ <«. 

- ^ aokladov). Bsahkent, 1939 (^eh- 

ri.TT’ ” '«». 

7 S«0 oh COM-WOO. 1. 

. S«»4«ho,4. p, ™oh„o2,0 h.4I,l.o..,„ 2 ^ 

«.«*. . h.,.,.,. hh,«.,„„_ 22^^ 

.ro,.0 » 2h.,0,„,.20h 02 2.42«0.2„ I.,2,p. h... 

W ..42..2»o 2. ,..2».2 2„4 o.„,. 

pOFto In proas)* 

8. 0.11,o.2.« .h.W2.2, 2.2h4o.„4„„ 4«.2.h,«.22 ph 

lwoI'h<r,.l„ .,0..,o2 ,h.h,22S- XJmJ, 
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T*VIIp OoskMjsizdatp EIoccc^p 1956p pp« 6&3p 687p 7^ 
(Proo* 0 (f let Zntertmtlcmal Confer eacd osi Peaee:ful 0s9d 
of AtO!zilc Geneva » 1953 )• 

9* Reports Presented to International Conference on Appllea<» 
tlon of Po^er Sources of Badlation In Industry and 
Chezsical Procesoesp Warsaep 1959^ Intern* J* Appl* 
Redidtlon and Ioot<^eBp 7p 164^ 1959^ 

10* The ColleotiOB **Trudy IX iz^zKduzmrodnol eoaferentsll po 

cdrnoE^ lopol^zovaniyu atcrznoi energii: (^enevap 1958^^ 
Izd* AH SSSEp vol* IVp p« 211*279 p Mosoo^t 1959* 
ll* '*Sbomlk rabot po radiatslosmoi KhlEsll** (Collection of 

Papers on Radiation Chemistry )p Isd* AN SSSEp Noseoffp 

1955. 

12* T^e Collection ^Deystvie lonizlruyusehilch izluchenil na 

neorganitoheskie 1 organlches^e alatesjy*** 

(Effects of Radiation on Inorganic and Organic 
'i zdj. Ar/SS Sft, 

Sys terns }p ^osco^p X958» 

ISo I«V«VereaehinQlQr0 Usp* &him«» 2Sd( 198l) 

14« M«A*Prosknrninp V«D*0rekhov and B«V«Barell£Ot Usp» khlsup 

* « 4 

684/ 1966) 

15* S.Ya.Pohezhets^ and M*T*1>sltrlGVp Usp* idiloup 26« 725 

16. A.K.PiIcnev» Uap. i<hiiQ.» S9, eoa^ 196o) 

17* I**X*BagaenB:op T.S.Nlkltlnap A.N.Pravednilcov and Yu*M* 
ESallnsIsyp ''Khimleheslicoe dey style lonlziruyuschlkh 
izluchenil** (ChemicaX Effects of Ionizing Radiation)^ 
Izd* AH SSSRp MoacoUp 1958* 
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ld« A«@oSa2*&2lE:ic!]^i> ^oSoUltdl^ii:^ BoV«^a£*QV6l£asra9 

stvle Icaizlpuyusclailsli izlachonii na pollEspy** 
foctQ HfidlQtloQ oa Polyc 3 :?o }9 0 o 8 li£U.mlzdatp Hooeoup 
1959* 

X9» V«YUoPilinG77Ql^ GQd YOo A«Chi2^d2h@Vp 1 Vaesoyua^ 

nogo oa 7 esehaiiiya po paoliatoioanol Izd« Alcnd* 

Hauli SSSRp Uocco^p 1958 » pol9» 

20* B*V«S£‘8hlG?o H«AoHezhevenl£0 aQd OaO«£^aQl6chovap PoKl&dy 
Aliad^Hauk SSSSp 183 n 123^ 1989^ 

21* B.V.B3?Qbl0P, Doiaady Aliado Hauli SSSSp X29«> 866/ 1959^ 

88 « N#A*BaIrho VoI*J5sdvedov3lQr, A*A,Revina and V.D.Bltyukovp 
??ud^ X Vsesc^uznogo soveochanlya po Fadlatslonnoi 
Ithloilp Xzd* Aliad*' Hauk SSSRp Moocoap 1950p p«45« 

83» a«A*Prookupndnp 'Bie Colleatioa *^Pp 6 blQE ?7 flsiehealiol 

khlznll*’ (Pi»ot)lesi3 of Hiyslcal C&eaiatry)* vol* !» Ooo- 
lihizoizdat, Uoscoup 1958 » p« 48 
24* V*A.S!iaj?patylp V,l)*Op 0 khov and a*A*PPoskupnlnp Boklady 
Akado Ha ok 333Rp 122 p 852 ( 1958} 

25« 8 « A*Bra 3 GntOQVa aad P«X»I>ollnp !frady I VseGogruznogo so* 
voGchanlya po Fadlatslonnoi khimllp Izd« A2cad« Kaok 
SSSHp Moseot 7 p 1958p p«39« 

23* PpX.Bolin and 3.A«Bru8entaeYap Xeotopy 1 IzlacBeolya v 
Izd. Akad* NavAk 36SRp Uosconp 1958 > p» 106« 

27* V.NpShubiiip P*S*I^lln. I>oklady Akad» Hnok 333Rp 125 ■ 

129a/ 1959^ 

28* A.M.Sabakchlp V.A.Gramolln and V*M«B70lihiQp Trudy I Vso- 
Goyuznogo sovdschanlya po radiatsionnol khlmllt Izd« 
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Gael! SSSHp 1©58, p* gl. 

89* A.M^Sobatcchla VoAoC^paiEolla and V.a,E?okhlne Zhursu Piz* 
KblOop ^9 2149^ 1953^ 

30* 2«V*Ez?e!aova acd G, VoViadinlFova* Atffissaaya ©aorgiyat At 
646^ 1958^ 

31* SoA.BpiaoeatSi^a and P.I. Delia, Doltladly ikad. Haalr 833H, 

l31 o m( 193oj 

32. A.K.Pite3ov and PoYa.Glazimov^ Isvoot. A2iad. Naialc 3388, 
O.Kh.K, 8844^ 1959) 

^•Yb. Olazuaev and. A.K.Pilcaev, l^kla^* A2iad.Kaa]^ 3S3H, 
1051^ 193o) 

34^ A.K.Piliaov and P.Ya. Glazunov^ Izveat. Slsad. Baulr 833H, 

Ob Kho Ho; 940^ 1930) 

35b ApKoPikac^ aiad PoYooGlasumov, Dolclady Akad« Uatilt 333H 
(ia ppeas). 

SS. A.K.Pitoov and PoYa.Olasunovj Invest. Aliad. Hautt 83 3S, 
O.KboH. (ia press}. 

37. A.K.PlIraov aad P.Ya. Glazunov^ Trudy Taohlrentolcei lioafo- 

rentoll po mirnojm Ispol^zovanlyu atoxonoi energii 
(la proas). 

38. A.H.KabaIccMp Zhum. fla. Ichlia., 1905^ 1956) 
V.A.Sxarpatyl and V.D*OreltliQv, M. A.I^oskurnln, Deyotvio 

ionlslpuyuschllih izlucbenll na neorganlchosbio 1 or- 
ganicbosblo syateiny, Izd. AZead* Naub, Uoscoe, 1958, 
p. 37 . 

40. V. A. Sharps tyi, V.D. Orekhov and H.A.Proakurnin, Ibid , 
p. 43. 
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41« HoApPpsckornlR end YapHpSolctypkiBp 'Ppeceedinga of Sed 
United Kationa Ccnfereoce ca tfeo Peaceful Usea of 
Atcaitc Kner^o Hepopt P/2022 p United Ha tl 0089 Genera, 
1958, vol* 29, p.58. 

42» VoA«3happatyl, A«A*Zeiisokhova and V*D*Opel£bGr, Zhorn* 

\J fl3. Ichln, 3S« 1958) 

^ 43. V.D.Opefehov, U.A.Pposkurnin, V. A.Shappatyt sad A.A.Zaa- 

oo!ibcsra, Tpudy X Vaeac^uznogo soveeehania po radla* 
tDionnoi khimii, Izd« AUad« Hau^ S3SR, Moacou, 1950, 

Po lOOo 

4r4* VoD^OPokhov, A*I«Ch 0 rnora and M«A»Ppoa!iupnla, 35opalk 
rat)ot po padlatsionnot khimli, Izd. AkadoRaak 3SSR, 
£!03C0t7, 1955, po 91* 

V 45 ; VoDoOpelshor and AdAiZansckhoraj Ppoljlen^r fizleheakol 

khisdi, volo 2, Goakhimizdat, ISoacon, 1959, p* 194o 
V 46. LoToEkjgnenlio, VoKoEelevskyj Vestnik Hoakovcltogo Univep- 

siteta (in ppeas)* 

47* A* AoBalandin, VoIoSpitayn, LoSoBapaora and VoIoDnzhenkor, 

\J Zbttff. fis. Istilm., 735 / 1959 ) 

4S« AoAoBalandln, V.IoSpltsyn, L«S«Baraora and VoZoDa 2 dien- 
koT7, Trudy TasSakentskoi konfepentoli po lolpnomu is- 
pol’zoranlyu atcanoi energil (in press)* 

49o NoXoPopov, VoIoHedvedovsky and NoA«Bakh^ Atonznaya energiya, 
4, 464( 195aj 

Nj Nl . 60. R.I.Popor, ibid . 6, 71^ 1959^ 

\ Si'o V.Q.PiPSGrr, B.V. Sr abler, Trudy I Vseaoyuznogo soveeeha- 

nlya po radlatslonnoi khlmii, Izd. Akad. Nauk 33SR, 
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t20GCOT?p 1968, 

62. A.I.ChQPBovo, V.D.OpelsiiOT aa<S M.A >. 

^ H*A.fto 8 lwpniB, Deyama 

loaizipuyaechikh Izlueijemi bb . .. 

. - - w>eiin na neoFganlcheolclo 1 or- 

ffenlchooiLle QlQtenvp Tzd w >> 

iZGo Akad. 83aR^ 2S08C0 b» 

1338 p p* 120. 

64. A.D.Ool'Eaa, M.P.i5ofed'Qva„ A K Pi^ ^ 

So A.K.PliMsTr and JP.Ya.Olasaaov. 
, Bsdlommlya (In ps-asa) 

66. V.I.EedvedovoIty, M.A.Balsh and B V zii,i.b„ v 

ana H.V,atts>av 8 Bayay SboralB 

Pabat; po padla«al<mnot miBll, Izd aitca r, a. 

*sa4.A, xza. Akad. SaoJc ssas. 

ISoaaou, 1966, p. 71 . 

660 TSoI.Zflltiind and v t . 

aa ana V.I.Veselcvam, Ibid, p. 66. 

67. Xa. I.Zalitlnd end VAXaVaBAi .s 

v.l.VeaeloveJiy, »®y3tvio lonlzii.n3rns- 

ohlbh Izluoboall na neopgaaiahan^iB « 

i opgaalcheaklo 

. s etoa57, izd, Atod. BaoB 838H. Boacoo. 1968. p.66. 

. Ta.l.zamnd, V.0.Vea3l«.3^ and a.B.Oochallov, TPndy 

I Vaeacynznogd a«voochcniya po radlatalonnol Uhi«ll, 
lad. Abad. Saolt 3SSR. Boseon, I958. 

69. V.i.veselovaisy. IVobler^ flaicbeabol bhlaii. vol. 1 , 
GosZchiEjisdatp iilosoocr, 1958, p, 73 . 

IMB), 

ei. 0.2.0<«,.1U„ ... dmcub, 

AUcd. Kant S88R. 132, 872^ 1960; 
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'T S»^»KoilcallBa„ P.S.Bolln aafl A.H.Pi.anfila, lT>ia, gaO ’ 

' {isso\ . * 

V 6a. 8.D.Lovina and T.V.Kalio!., ibid, iga, 673( 183o) 

. vv 64. P.o.Dolla REfl V.I.Baa&ealiov, Tfiidy' i V8e3<?sroaaog® sovea- 

cfeaalya po padiatalonnol Uhliail, Isd. Alted. Haute 333B, 
nocc<K7o 1968p Po l35o 

i 

6S. U.N.Potelap T.V.Hafevsova. H.D.TaBaahov, A.V.EyaX<&^ea6y 
aad VoD.Val*kcsT7p ibidp ISO, 

'^^Vo^QlobslbQQtjy^ Doklady A&ad. Kauit SaSHp ^iSe 616^ X95s} 

... Zhiipo fis. ^MOop 1866^ 1959^ 

V 66. I.I..aoaGaf3ld aafl B.E.OqSjoj i VooooiyQdBoso e«,7eo- 

clieaiya po Padlatsloimoi tehlEll. Izd, Atead, Kaute 333H, 
tIoc:ec;7p I968p po 156, 

\/ 69. I.I..H03Gal3o?s sEfl B.K.Osbe^ DoteXadjr Atead. naiite 833H, 2J5. 

139^ X969\ 

V / TO. Ta.H.Solo^rtelB. H.Ta.Bsaao aud a.3.Sj)ui.ltee7, Bpudy I Vs©- 

soyusa®^ sovQceSiaaXya po padlatolomiol lijalcjlip Isd* 

Al^do SSSSp Hoscoug 1958 p p. Ids* 

Tlo tloToBsltPlOT aad S.YQoPG^ezEsotsljyo Boyatsvi© loaislFo- 

yucoh<lRK. lsliae£iGaii / aa noopganlchoslrl© 1 opganic^oo- 

^0 QtQZo^f, Izdo Afcado Hauk SSSRp Moscoap 1955 , 

P*P« I45g ITXo 

and SoYaoPskozhatskyp Zhup* fiz. mm*p 55, 

vj 463^ 1959^ 

^^ToRaltPlev aod SoYaoPahezhets^p IMd# 88o{ 1360^ 

^ HoToDnitPlGV and SoYaoPshoshotslsy^ Atcmaya ©narglya, \§, 

. 69^ IS60) 
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76<» H»AoB?£neQVo 8 «Ya Daystvio 

lOwiislpisyuBCljikto Isliichottii Da &@OFganlGh03&l0 i oj?-* 
Saiiicheoltie oiateq^p lad. iUsed. Kaute 8SSR^ t!osec 3 > 

19£3j, po l29o 

76 o rJoAoBi3H00Vi> 3oYaoPa£5es£i0tQl5y aad IoA«I5^QDnlIco7^ ibldp 
Po Xo3o ^ 

77o BoV*Bol*QhE2a:> SoYQoPebesIsetoI^y aad loAo^yasai^ov^ Iblde 
Po 182* 

78o VoYa^CbOffcorUbp SwYaoPshesbotci^ qjsjSl OoS.:^TSPiltov^ ibid^ 
p* 48« 

79o VoIa^itEya, QoHoPlPogtjvac A*KoPlfeaev ead P*Ya, 01 azi 3 aov^ 
botlady Altado HauJi 33 as^ 132 ^ 4-Os| ISSqi 

eOo AoSoBabQPkiDo IloAoProskupnin and V.boOpeimov. Beyotvl© 
ioaisiPisyuGCbilJb IzXticboDll. na nodPgaDXcbao^Xa 1 op— 
gaaXcheski© siatGa^yp Izdo A!tad. Haulr SSSRp Hose®©® 

19S8tr Po X 66 o 

8 X 9 AoSoEabepklDo BoAoPpookiipiaiQ and VoDoC^okhev, Ibidp PoX^S* 

82o noApPpoelsiapaia aDd AoSoBaboplrln^ Pobla^ -AZrafio Waok PSp?^p 
121 p 492^ 1958^ 

©3« AoS9Babei^kiDj> Ibldp lS6p 59x| 1959^ 

849 VoVoBoldypovp Yia^ A9ZaIi32apcvp VoIoEpoehkln aad HoO.Goko- 
lovap ibidp 122» S56^ 1959 ) 

6 S 9 LoSoPolabp AoToTcpcblev aad HoYaoCbopuyakp Ibidp XXB * 

307^ ISSS) 

83o XadSePoXa&p A«VoT,op<xliiGv and BoYaoCboi?Eiyali^ Ppocoedings 

of 2nd Dalted nations Cocf erexueo cia tho PsaoefoX Uses 
at Atcaio energy,, Qen&va 1988p Report P/3884p Halted 
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Hationop Genevsp 1958 » vol* S9p p© l35o 

87* Yu* A.Kolbanofvalcyp I*H*Ku8tano7lchp LoSoPolak and A* 3* 

Scherbalcova^ Doklady A^nd* Naott 333Rp 189 o 145^ 1959]^ 

88o V*G*Berezl£lnp I*M*Ku3t«novichp L*3oPola^:p A.V^Topehlev 

sad N*Ya*C3se?nynlE^ Dolclady Aliad* Haulc SSSEp 129 * 1042. 

( 1959 ) 

89* V'*GoBere 2 lcinp I.y«Ku3tanovlehp L*3*P61al£ and H*Ya*Ch©F- 

nyakp Ibidp 131p 593^ 196o) 

90^ A^VoYopchiGV^ LoSoPolafep H*YQ*ChOPi3Yalto V*B*Olnc^n0Vp 
loVoVerecchlnQliy and PoYa*Qla2unoVp Ibldp ISO* 789 

( 1230 ^ 

91* A.VoTcpcbieVp L*3*PolaItp H.Ya* daernyali^ V*B*Gluahtt 0 Vp 

I.V.VepQschlnsUy and PoYaoOlasimcryp, Report Presentod 
to International Confer enco on Application at Pog 0 P 
Rndlntlon Sources in Industr^r and (^ecilcal Pr ocesseop 
Waraaop 1959, lat* J* Appl* Radiation and Isotopesp 
7 , 164{ 1969) 

92* A*Y*Topep.eVp L*S*Polakp n*yR*C£iern^altp V*B.01a8hneVp 
PoYa*01aztmovp I*V*V 0 reacltlnsRyp H*P*Syrlni3p A*Kh* 
Breger and B*I.Vnlnoht 0 inp Sooeschanie po vnedrenlyu 
radloaktivnylch isotopou 1 yadernykh izluchenll v na- 
^odnoe liSiozyaistvo. Tezicy dokladov* Higsp 1980, p*X15 

93* HcA*Bakhp Sborolk rabot po radiatsionnoi kbirali, Izd* 
Akad* Kaoli 3S3R, tloacon, 1956, p* 146* 

94. H*A*Bakh and R* I .Popov, ibid, p* 153* 

95* I.V.VereschlQlsy, H.A.Bakh, Beystvie lonlztpuyuschikb 

tzlucbenll na neorganicheskle 1 organleheatcie slatecy. 
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Izflo Eaiask SSSS© HoacctJo 1953 e 

£3* VoVoSa^aova® L^Voi^'bla and Y«A«X>aFin 0 I'bld^ 

p© 350 « 

HoAoBa^ end VoVoSaFaeva© ZhinFo flc© Ishlcso, 82 e 209^ 1958^ 
93o UoAoBalsh^ Eadiatlon Res© <> S^roplesient ^ 190^ 1959^ 

99o V.VoSaraovao E©Ya©Ladygia arid Haa CSaaa Snn® fl»© 

Mjiia.0 846 769( 1260) 

XOOo B©no!ii!shailo7D L©VoTapesova end V* So Bogdanov^ I 

Voesccrusnogo .sovescSianiya po Fadiatalcnnol ishlmlip 
Izdo Al^do Heuli SSSRo Eioecotro 19569 P« SH* 
lOXo Bof3*t3iliballov9 I# ©V© Tarasova and V©3©Bogdanov9 Beystvl© 
lonl3iPi35^aochi&b izluchonii na ne organ! chesltl© i cfp- 
gaaicIios!d.e aistcss^jra Isd© Alja<5U Hank 33^9 fioskonp 
19589 p© 218© 

103 o Bo£3©HlGhailcv9 MoB.&niisova and ^©^©Bogdanovp IMdp po22S« 
lOSo BoV©Bar©lli09 LcSpSar tackcva and !l©AoProsknmln9 Bolslady 

Afead. CqqJc sssa, llBo 7 &( 195?) 

lOdo B©V6Bar©lk09 L©I©Kartaahova9 P«I)oHovlkov and doAoProo- 
kurslEij, T^udy I Vsosoyuznogo sovescliianiya po radla* 
tsionnoi khiaiip Izd© Aliad© Hank SSSHp doscoup 1958o 
p© 89o 

lOBo H«P«Krneiiinskaya end d©A©PF08kumino 

gg fl 1954^ 1959) 

1C3. H©A©Bakh9 V©I©d3dvedova!Qr and V©V©3ara©vaj Proceedlago 
ot ^he 2nd United Nations Conference on tke Peaceful 
UockS of Atomic EnersT© Geneva© 1958^ Report P/2293© 
United Hat ions 9 Genova© 1958© vcl© 29© p© 188© 
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W^o Usi^rs 830^ 2J2 jj> 

M*Qo n<>Ao3?Psa!D:22iDto B«^oEat?eltso0 Ao©»S2^S]^ 

gsi 5 SoSoCollct^cacnTao 

M3o YOoS»oISr2r:33.^Qi^o!^p noAoPi?®orK2?isiao Ho7oS3J?alS£^ X*I«E2o- 

lot£i©3C^D anil Ao6oQ3lcpn(37a^ X ^coQC7nsaG?3® o®- 

/ 

vecsSiGtill^Q ps^a^aa.cnaQl Kbteilo ^sa-dl* I^Bts 

SSSHp tocSCTo XCSQp E3 o2<10o 

ISiDo HoAoBq!^ QCiS X>esaa% A!SC(So KqcSs 

Xj^p Qm( 12Gd) 

Xil« ®&oSoCa6^cai?loBj> YoSoHitsltlEia gbS YoAoKpeBCpas^ 

X Yoggcitossscgo cGTcoc^oi^a p€> padlatoieaB<3X 
Ss^o AtiGdo EIa?n^ SSSa© toaeeap ISOS© po S1l5o 
XXSft ^oAoEPcagaQS Qnna IE2o8oB3e:^CDPlQB^ iecaXJsfljpq^o • 

chiC^ isXaCwcaii Ea BocpgaaXc^GOltX© X e5?^aieii©Ql2XG . 
olotcr:;70 XsS© QSSH® Caescn# 1933e poSS5<» 

YoAoJCj?<S33dq 3 anS St^tsla^Sj? /£sg^ SSSB^. 

^0 195^) 

XMo VoAoSpe3£pnc c-r:5l 2il§s> IXSQ^ XS3o} 

XlSo PoYcSisralier^^o BoYoYoXIictq qo 2 S^oVoSpacHeas®^^ I Yo©«* 

c^cTQss®^ ccfU’OOGl^QiaS^D po pa^laCoXesa.®! ti^lEslXg Xsfi* 
AUsrSo riaGSt SSSS^ Uocscajs, X953{> po 2S4o 
XISo AoVoS^lnaa sBd SoYoCSscprzsimtoG^o Bas^otvio Xcaislpi^uccMB^ 

XslE^caii JS2 cGSPgaaiel^QCJl^i© X opgsEaXoSscclsi© oXatc^© 

Isdo Kaols SSSH© Boscg^o 1903 c» P« 273© 

lX7o AoYoSXoIb asa AoDoYopS.cao lbldj» p© 2S0« 

IXSo A^VeZlEiiQa 8o¥oC£!iGP£zante©p sea AoB©V©pXm^ X Yg©-* 

GqycKSB©3© QC?70Qci^Q2!toa po pafils^Gicanol Isfciimlip I^© 
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%W<y V.oXoZomsb 0<.Voe2>(k:E?CR7 G3^ IS^onJPt^ . 

3.^Tn(2A7o Oc^ccSsGoao DO v!sc£l2?oai^ loo- 

i SGlELcSscaU v ms^.^so fe^o^STaiQ^Oo 

1^0 iae^SlQa^t^. po XlSo 

2i^o VoXoZo^^tilBo t«MoJ?illpDOVe 

miOo Do XMo 

X21o I.oVo^TS3i?CH::i3V05 ^oI♦£::2GVGi:?di^2a Koi^oEoa^ec^o^?^ 

naoJs ©SSHt, ^§§0 602.^ 1S33^ 

132o VoXoSpl^esmo Ho^oA^'Qas!8^.ovQo AoEoF^tiKio^o Zo^oKolll au^ 
PoYQo(S3LQSt2n©7{> XSt^ lXG3j^ 1S20^ 

X2So XoVo¥oEocc::2iDc:^o‘ YoHoSstoGlLcTyj, ©?u% X 

. %occji:L2ncao cs77ccc!bGnS^a po r»QQXQ^DaGs:ae4 CsMnlXp Xsa® 
naoL: ESeSo Cloc^cup leSG© Do 269o 
12<io XoVoVe:?ocoI:di2c 2*o5?olXQs^iac^Iiai3p Bq^o^o 

• cEiSJTi <l2X?iCi20i22.il .DQ Eoe^o^aaGTsoe!::!© X e^?03Qle^oc!:Xo ' 
ciot^CEj^o mz^o £3a?2^ SSS2p EIccoct® 19SSp p^ 33So 

ISuo YOo2»oC:GtEifeiaap iioAoSuaGaovcts:^ ciaS IoYoYos>ooehl©o!^, 

. Br:a£iQy /isnSo Hads SSSHp 2So 

ISOo Vo^oC^Qitia^o AoIo€^G2?ac77Qp AoI3ePp©o!i^IiraXn^ as<K»QX& s^abot 
po PQdXQtoiosnoi !!5iicviit, Isa* ./sjodo Hatt& esaap noc«ca,, 
X9e^Sp Do OSo . 

X07o AoXoCS2C?Ei.O^Qp VoBoCE'QIS^OV OHLd M« AoPpgs^U2?bA®p ©iinp* ^XSo . 
IsS^teop ^0 less) 

123o YQoI»oGhot£3toa ess^ ToGoHatno?^ Ti?^ I Vsect^Tussaoso oo- 
voaGloaoXya po stadia tGicanol lihltoilp Xz^ AEmd*. KauS 

SSSHp tiooconp po ICoo 
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EiQt^ ss:2:sp ^£^0 

2U:3o ^onoFavlc7c!2::S?Qp AoQoPi^icyzot^^ 2 ¥aosi^?a£n©i3© ce-. 

TOc^^iaiaS^a po PD^Qt^oliriiiai tShteila Sd^So /^scSc Uq^ 
ccai^o t:oc:^c^Q tesOo po iWm 
lS2o aoAoE2:x?3c!2^ BoE3o2o:>^Idc^:::(^^ tpM^^ 20S« 

2lCOo ISoAoGlsccc^o po 2.C3o 

USSo BoHo^i^DSTUCCVo tLtjiMo Po 3.CDo 

3U3<k 2 oVoVoi?occ::32.dc^ aza PoirQo€ylQGC307p ^cllstsota^otaDJl 

tK::::^‘cz»c?a^GiUl po c:2.r?acir^ Iqppl^ss^nigljQ^ezsieA GQos^Gli 
(iXci jP2»ogo)o 

OoSoCcCvcGc^o 1 2.G3.ac::c:H2^ v /teSo 

HgcIs 0CC2o Cz>COCDo IScOq Po CSo 

3lo3o S<»3ot3::2lvc^OTy Dopo:?^ PG>ocogiCc£ 1 2p^k:?!?n:n<illC2Ql £^7c^oa2c3 
ea Il!ac?cr::3lcct33-Di? CcrpCGn^i, ^2.c2:citlCD{> 21939« 
VoSoUatsi^tXJt, II!^oSoE^G^cai?aQa5 Z!ia!?GLo ^Oo !2£>tooo 
*7CC^ 

lS3o S^AoStoiGOTcao YtioBo^Pavotitso^t, lS3o SoBao^capiasa 

AIigQo Hatali 3323® 681^ 1909^ 

2S9p AoFoOcicItopp noS«YQtiovIc?\7Qp %VoKpio^Dl®fi(plp ApDo/ibIslE&p 

<iMao 6^1 1959 ) 

iL^^p AoDo At5t:S.Bp AoPoSliOliGliOP oriS J»oPoEcjrSjiPC?7Qp Z!^t2p« flSo 

C3£3^ IL©SO^ 

lUiS-o AoDoA^!i1d<> AoPoCsoilB^Po OpKolTnliovlGVQo LoPof^QsdJalPCPQ^ 
latGPEia^lcBQl ^rcpooiirs ca tlbepcoioIesQlQP CSaoisioti?^ 
{£2ccx3Gap 2e3©)p Soetaca ir» Ia€. Altado Saafe SSaSp 
ClGsecap 1930p po 410* 
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Vbi!ucai?COG7o ,3^ 

^>oYQbGlosmc7 Q!ni2 XaoSoBuMa^ /lEsctSo Hatsls SSSZa^ 

il^'3o 8»QoL:c^vci2ot7j> AoD« P onoISiC2]lk©vo!^p 0©noGCi?ac3S.n:©^^ 

s 

VoPoPl?olcr7j^ Ylle AoCS2XhiXtii^ V'<»Ao^^3S^GtSJ75 AoLoAciGPe 
• noKoYDtMSVleVQb ljoPon03il2.?<F7GJt, AoV©E^tVOCUQ Z©So 

Bossciblkj V^^OGlSGzrGlciiiilGFirgT’o oeoiaiDcisayQo Eo i£3^^ 

i-C4io IS^^oUcEiCiSiCiVjk 0ol7on^C3i(77p- Ho3&Till.ZsoV{> lEi'fe©p2£Qt>l<r3aU ^7 e>» 


’ pGo2.cri e:2 L^acpcTDlocoIcz? Chc::^ctr22; (£3©C5CC^* S^SO)© 

Soctlca II2o Isa© ^do ITaii!!!: SSSHo HoscGa© IBQO^ p© XTO© ‘ 
'^oXoSpi-SDTBo noAoAfQoaclcvQ© SoBoSolll© AoKoFiSaov 
PoYooGlaamGV (to ppcoc)© 
r^oXaoToo^S^csj ■ HoQoSai^OGVDp ^o£I«Kc2?1^^a^^ and 

X Vgooq^qcd© 3© OG^oc<s2saBil,ya po 2?ad^Q^olCBaio& 

ISjinlio Zsa© /ixoa© SSSHo SSoqsou© 19609 Po 285o 

^'oiUSa^Giaa A©Bc^ct::::nao LoPoYaB©T7a and ZoPoBolyaOTa^ 
Boilo^vlo IcDOalPGSTmG!!!!^ lclac3S>Qaii ea nocspsoMctioo- 
tiic i o^sanle^GcCsio olo^e::^^ Isd© Aired© SS3E© 

Gocqgc:© 1933© p© S213o 

IdOo BoI^oTao^lla© LoPoTaaeija© GoHoSi'blpslrQya asd V.l^J, Korbut© 

Ibldp p© 33^0 

14.9© BoI^oltJOtlia© BoGoSaitGOva© VotUKorbut asd V©Aoi2oPol^o 
Ibid© po 333o 

16©o ^oZ.o2appC\7^ eoGQl^Q AIiQdGsli HsisB: 3S^ po olraona 

scvaaiyu atc^r^od oaergll© SacGdanip-a OtdQlcfalya Sbl- 
Naulij Isdo Almdo Haeis S3®© aoceco© 1966© 

P© 3o 
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KPG^Xcqj &islci:::col£©i v€jIU Sj 0ooISii&* 

iciato nsccGUo XD53i> po SSo ■ 

150o IoYq#Pg^ov S ¥eoDJ3^7T>cno50 aafuso* 

€C2oraii7D po ?cdli'atoic:2aol K^inlio lado Haoli SSS!Ji> 

noo©etJo 1953 a po 279o ... 

l53o i?oAoSl©70^0te?5?Q DBiS VoIioKaFpS??^ Potso'S p© J?a^taQ^ 

olcanol fcSjlEdl^ 1 2:^0 A!safio Oscaeaa 193Sa pop* 

125a SOSo 

ISAo Bo/USlc^ol^^otova^ I Vcaccg/asaes© QG^oes^aal^a p© 

2»EdlatGic:!Lri^l isdo J^,do Bqe^ SSSRp MoaeosTa 

■ 1953a Pa SoSo 

155o XJoAoSlGVoM30tcr7Q^ B^!rladi2r Atrado tTaoI^ SSSH^ JS£* 831^ 1909^ 

1£3* Bo'IoZvgpoVo VoL«Ks2?pg; 7 and SoS^^IaeacISGSlsOj, S?ady I Yeecjc- 

yGcaofjo BOveschaBlya po mediate icaaol !£ 2 inllo Isdo Atrado 
JJauIi 333F4 o HcccoGo 1958 ^ p* 2760 

157* ZoSoEgopovaa Tu*£5ot!aliasiSy9 VoL«Ea?poVa AcSoKnlisaaaon aad . 
LoAoBlisnanfold^ ‘^ooIiG-oloIrtalaPcg/’o ooediciGal^Q* 

691^ 1930^ 

158* AoBoTaabiiiaa aadl LoPcYanovap Bsa^atvl© ionialpasrtacsM^ Is- 
lueheail sa neorganichesklo i opganicheolci© oistoi^^^ 

Xsdo /Usado SSSH{7 Bossov^p 1953p p* &»07 q 3X6o 

159* A<fB*XQUt)!S?2n ead LoPoYaziova^ PGlilacSsr Aliado ilaat^ SSSHp 118^ 
99l( 1958) 

ISOo AoHeP2?avedci1iGV and SoSoHadvedev^ XpudY I Vsoeogrmmogo 

covoec^iani^a po s’adiataiOEinoi IsSiiatio Isd* AJsado Kcdls 
SSeEo OoGcerjg 19S8p po 239* 

ISlo AonoF^nvcdiillrcvp 2a Sjiien-IiQsa ©ad SoSoBodvedo^^ Ps^eoeed** 
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cS' Gr5 rnitca SatG!?i2a?>3.cr:a1l- Gcrsfos?- 

GT-tJO ca Fccioa?\:^ Ccco iltcndla nopcn?^ P/ 

■ Coaovao IlSSGo ttc^o Z^o Po 

2LCao Yiionorc^MQc l^oJjoS^sonc^oVo Ho^ao rmisi - 


V;7CGlie:zolotr3lc^ oeefllEGS^Go 

11S2{ X£59) 


2^0 2n £22on>fe:ia5 SoSo£!c^ivcSoVp J)©?s2ia^ * 

^iscdo BacXs SSC^o 2Mi> S95^ 1959^ 

21GCo irooOalsQC'jr^L^ia G2:i GoPoBcI^iaiiG^o AtCirao^ra C2i35?j22^evp £78 > 

(isso) 

K;5o ^oSoDStdlt^fcao Ao So g LoAoC'^oat^cvie^ aM Val&o 


' Caz^po^^ Se»cl% S VGOCcpozaec^ ccv^oooIiarsisrQ ^ 

toS,GC:incl ls^r>ilo Ss4, A!:c^ nacZi'SSS?^ 1953o 2>o 29Sa 
2£0o AoSoI&iG^cilnoI:^£> SoSo-muitAnoo ^Vom.wavol^ao I»«Ao<3!&» 

coD'^’o^elio I^oLoSsnitoa arid Holo'^/ltaobld.i:^ I^cceedlacp 
G? t!2o Sad Gained l3QtiGao CcaAGs?caGt3 ca Poaeefal 


0000 cf Atcoaer no^ODt P/S0G5p Oait-ed HaUcao^ 

Goncjtroo n)60o po 2S3o 

2!jS7o ©lo AoPavlG:7Do 8oBoHa^“lkc5v sad BoLoTcetlla^ Itoli3.a<^ /tod* 
Slaats £3S2a iMo ^.SGsj 

S60O DoAonG!i!22.’e!^j> YSo BoLasurkiag iloBaFivelot^ and "^oXcKcsia® 
l>o!siG<3i7 /Safio Dot3]£ 8S*^>> A^-7a 1007^ 1959^ 

K5Do SI<,S*»teimG2aii?G:7£, YUotlolialiE^!!^? aed VoLoSaFpo^t, Ibid^ Ag<3o 
Sj03X^ 2.930^ 

^700 YOoHoVaFC-iiGVctJS^o Go YcioVkoS.3. * CO’o VoltoKaPpov^ ?i2io3«Icaist£Fk^ia 
end XoYao B3l^CfU“o ibldo IMo 315/[ 196S^ 
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2 lTOo ^oSio2a3.®5?CCO Z'zCi GoI}o272'cnI^c?U’iG!^£> S3vaGtw> Baolj 3SS2,? 

< 

OoISh«I3<.» 1231^ lEOSJI 

3l9<io 0ono!te2ttGi^p 3oSo2lD:??2^Gns7 qcS E1«VoTilt£:ic:Gii?CTj> £bs2»afl.ts 
r-cfj^ou ::.o ::^c5lQtalc^®l Isa© /&ado IJc^als ^S2o 

.noc3c:3o it}55o poS23o 

S.TOo n©no^?eniltol^ G!::!^ 2 VcaoqjOGQOso o©* 

TOC3l:tG:2ijQ p© PcaiofeolcGs^cl- Z!Maiio Sn^o ITaoLi 

SSSIio HoGCCDo 1958 0 po 

2.*70o II©IIoXuaifecl3^o doVoTlI:C2Gnl2»G:t?p . SoBoSsspri^aacf^f, VoHoSolc3>- 

SoVoG^^ov GSLd VoSoPo'lk3p<Sv’^ P&oTblcsr;;^ ^ilolerios-* 
k©i VGlo 2o clooscuo 1958o polSSo 

177o iloVoGta^lov oafi HoV«Hl2^a^U’c?Vo ZiiB2?Eio j?lG* IdalaoD 
S73l/ issej 

3l78o Voi^Potopc^o VoOoVqoII^ov aa4 IJoKo'Sualtols^^p Bsialaay Alffia© 

Haislr sasSo 6 12 / I 959 J 

S.79o VoIioTal'goso assS SoLolSVaEiiiavieao Ibidg 068/ X969J 

2£©o ^SioH«>£lGlia<y AoT<»Kx5iA?ltQJs^o HsYaoEiiboii asad VoV* Yocf^cdot^^ 
BolXlacSsr A&ado Haialj; XPS. o G83^ 195^ . 

101o ytioBoTovet!£.©Vo , HoHoBtabnovp £3«»A®2a©!aal*8fe;^p YiuSoIaassspIiiia 
and VoVoyeotr^dolisJ^p i'bldp 2kSSo 1063^ 19Sa^ 

18So noloGlals&iOldsop Y5SoOoZJloli.np KoYaoBiibea and VoVoVocsvcdoJ^p 
ibiflo X29i/ iSSO^ 
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dapeadence csf 0 ( 212 ) on esdXq:? concantoa^lon cf 


KB3? ooluticm under tba action of protena nltb ©ner^ 
. 660 idev (1) and ^-radiation of Co^ (2) 



^ose 'ioie ,eVf/7f€ 

i 

PigoS* effect of doee rates of radiation i;^on 

yields of radlolytle tranaforontiono la aqaeoao O^S O 
calf uric acid solutions: 

1 - tii© dependence of G(Fe^'^‘^) on dose rate la 3«10*^ 

solution of ferrous ecsiionlunt sulfate^ 

2 - the depsndencG of G(Ce*^'*') on dose rats la 3*10“^ 

solution of eerie sulfa to^ 

I . 3 - the dopendaaco of oCCo^^'^) on dooo rote in aolutlca 

of the mixture of 0e(s0^)g and Tig SOt^ (ooneoatre** ; 
tloa Is 8*10**^ and I.ICT^ reopectlrely) 
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Concenr'iQt^iort of 

I . 

Pig* 3* Tiie dependence of the ylelde aS rediolytic transPo5?ffi&» 
Ucms cm coacQQtpation of oolntlon at doe© rates 

of radiation 

1 — the effect of coacontration of ferrose osmoiii^ssi 

sulfate iu aqueous 0*8 ©uifurio acid solution 

Si 

caturated nlth air oa 0(Fo^^^ ) at dose rote 10 
^If/sal* socj 

2 the 8s,cs-5 at d©3o rate 3y3o 

S - tho cffoot <sS ccaoGBtPatica cs? ^aallcao csJfato to 

0*8 S CtSlfUPiQ ©old OOlutiG^Q Cf ®iStQ2»0 Cf 

©Eld !E1*' salts eotopatod oith eii? css C(€o*^) 
at dceo i?Qto ©V/olo ©oo^ 

d - tiSio cffoot cf cGa©oatt?Qticn e? ©oj?eaQ ealfot© la 

0*8 ES e“;2lfca!?iO GOid COlUtica Cf EflJStOF© 6f 

ealto csa ©{Co^^^) ot <a©sQ rato 
ObCSlt OolO^eT^I^o GOOo 
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Concen^ZQ-^/oo So NQy 

FlGb<^ •Eiq aG]?c:>i2ci:ic3 of cn cc3i3ont2?Q^a.©3 000% &ia 

oolmtlc:! (£iiS=rI4)i} 

I — ia QbC3330 cj £ji27COZ?Ol 

S - &Q p?occ«:iso 2.0*"^ ce3Soafc?Q^G3o 
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Ci potascito (1) 0®^ 
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F^©a7o flepe«:^tSss!JCo ©f s*Q^Q^>leE>e&ssieQl 

(Ijo ^?Spogesi (8) SisaS. f!sfecti«B 


(S) cia 2*cSu^cx?G3 tczs>s:?a*fe3£?o ef pefliatiea 
EsnS. (S?qo^d:Jo 
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of E'csaiaUe^i-ehcssSLeQl yi©M ef 
olQf&oa tc::;;:?Ci2>0te?o eS* tbo z?Q^Qt£^ ^^£=eb 21 €2?as^ 





F&goDo teJlGcrso c^? a lES:^ G? iB3.^EG}tS.^ ca tbs cbc^ ef* 
tbO blS20tS.CO C:3I?VC3 CS" poX^7E^iSatS.<0 e? EStS^l E3tSSQ« 
02^lQtO (t€Z:3hD2?Gte£‘© 60® 0)8 

X - cf p?o-lET2filat@d Essse^so? (a©s© 



8 - KM2)l5?i2£:?lcatlG3 cS* C3^3g7a EsstSsaes^lato to |s2?e©es®0 
g:? bcjascjl pc?GsS.do (0^02. ^)o 
vA^o E^Gta© tbo ^G3^7E3?lsatl^ E^to to © sa.^a 

nc^GOt t© tbo 2.DS.t^2. pa tog 

2703.QtiV© fepatacsi Q? JpoX^TEBPlEEatiCa ppc®©ss« 
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t7Qi?lQl^2,€3 oetS. ©l©ot2?icaX ©© 2 ?» 

€5* ilPi?a(3S,Qted tsafiop ^icaWiago 

HGatSas 2?Qto fi,a oqjz^il ^ 93® C/iHao 

X - ©23QOEt£'att(K!i cf jpG^calo (Xr oif^XteQ^y salt©) 

2 — I?OlQ^iVO TOTlQ^ica G? ^3 eCH?1?C3tt ^SH?C21£^ 

GGi^?!© at XGC9 vol^iQ potoat^oX ^iUPf^eyosioo botooGa 
1^0 oXoel^cSoo tooX^ ^Ssa cajnplco VejTia- 
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I^SiO XtoGo 
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Introduction 

'i*he study of chemical changes of substances brought 
about by high energy radiation has bogun its rapid development 
in connection with the availability of the power ionizing 
radiation sources. Ihe development of radiation chorals try 
was stimulated first of all by requirements of nuclear engine- 
ering and problems of the reliable protection against the 
hazardeous rodiatiofi. On the other hand, the radiation chetu- 
istry deals with the phenomena called forth by high-excited 
and of high reactivity particles, i.e* ^ Iona, free radicals. 
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niol©cul03« Ae is caused by tho ©norgy 

of ionizing rndlfttlon Is mnny tiiiias ns Inrge ns the chnruicnl 
bond energy. The generntlon of excited pnrticleo mentioned 
13 the main diatlnctlvo feature of radiation- chemical processes 
in coiziparison with the photochemical those where such pheno- 
mena do not almost occur. This circumstance has also promoted 
to the growth of interest in radiation chemistry and its uses 
in practice. 

. Russian and soviet scientists made a substantial contri- 

bution in the development of radiation chemistry. Tbusy among 
the first investigators having observed chemical effects of 
ionizing radiation upon diverse conipounds there was H.A. Orlov. 
In 1904-1906 he founded ^ that paraffin, wax, stearic acid 

and other solid organic substances converted into liquid 

2 

resinous products. In 1910 ri.D./ielinsiy placed in a sealed 
tube some little crystals of radium bromide containing 0.5 
.mg of pure radium and 1.5 ml of cyclohexene (Cg Hxo)* 
inveetigation carried out after several years revealed the 
deposition of free carbon on surface of the bromide crys- 
tals, the liquid decouiposition products being consisted not 
only of hydrocarbons more simple than cycl<^exene but, also, 
of more heavy hydrocarbons synthesized under action of alpha 
particles emitted hy radium. As an Interiuediate process, ap- 
parently, dehydrogenation of the original material occured. 

N.D.Xellnafcy stated that relative processes could talc© 
place in the nature under effects of radiation of radium 
contained In rochs. 

- 1 
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’ tJodern^ ^l^velopraent of mdl«tion cbeniiatpy in ' this counti^y^ 

i. J 

has hegun in the poat-war years, being cnased by uses of nuc- 
lear power for various purposes. This period Is characterized 
by rapid development of wide-scale research work embracing 
more and more diverse classes of compounds and reaction types 
and, on the other hand, by employment of modern research 
techniques Involving gas-liquid chro>matography, electron 
paramagnetic roacfnance, mass spectrometry and so on for iden- 
tification of radiolysis products and for elucidation of the 
reaction loechanisnu As ionizing radiation sources j nuclear 
reactors, i spent heat releasing elements of atwnic power 
reactors, ^-roy sources of Co®^ and Cs^^*^, ^ ^einlttevn 
such as radon and polonium preparates* betatrons (including 
these with extracted electron beams), electron accelerators 
peraltting both continuous and pulsed irradiation. X-ray 
installations and so on'Bve ©n 5 >loyed. 

i 

np" These are radiatlon^chemical research laboratories in 

various regions of the U3GH* A number of the iioacow research 
, institutes are carrying out Investigations in this field. 

-- - Rndlntlon-chemical Investigations are ncconq>lished in the 

Ukrainian 3SR, Georgian GSR, Uzbock SSK and other republics 
having atomic reactors. The fact that In recent three years 
; about three hundred publications on this topic have been 

issued by soviet investigators illustrates the devolopnjent of 
the radiation chemistry in this country. In 1957 the first 

Union conference on the radiation chemistry was held In 

^ S 

Uoeeow, ^ere 66 papers were reported and discussed . 

-> 

i 
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A XePGe oP the soviet investigstloas in this field aao 

\ pepopted oa the other scientific congresses end conferences 

feSlis couBtPy well as abroaa « 
fAnthoro of this psperl^helli in the mein, describe the 
xnost lo^oirtant directions ^of reseorch in the radio tion chesds- 
try in the USSR end also shall revieo soae interesting papers 

r: 


pnblichod in 196S-19S0.flhe previous soviet norks are publish- 

a 

15-16 


ed in form cf separate collections transactions of a 


nnn^r of conferences and are also told in reviet^s 

and booUlets edited In the USSR. 

8„ chemistry o f oate r and aqueous solut-l A Q a 

•the padiatiGn-chemical reactions cccuring in vjater and 
aqcsonB soluticno oore an object of many Investigations having 
been carried out during the last years in this country. This 
is caused first of all by the fact that water is used as o 
aasderator and a coolant in atomic reactors; besides, in aqueous 
solutions many processes tahe place Involved in the nuclear 
fuel production end isolatlcn of nuclear reaction products, 
moreover, behaviour of aqueous solutions under irradiation 
is analegeus, in a considerable extent, to that of biological 
systems. 13iat is why 'the study of the effects of ionizing 
radiation up on the aqueous solutions can be assumed as basis 
for estimation the effects of radiation on living tissue. 

soviet rosoarch ncr-ha cover a wide range of diverse 
questions of the radiation chemistry of oater and aqueous, 
solutions, 'rhe influence of r ionize ti on dsnsity end dose 
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pate on the yields of rndiolytlc conversion In the aqueous 
solutions p the role of direct ection of radiation on dissolved 
sutoatflncep the role of excited molecules of uater in radio- 
lysis processeSp dependence of the yields of molecule r pr^ 
ducts of radiolysis on concentration of solution were ascer- 
tained* Padlation-electrochemical processes and the influence 
of Irradiation on corrosion behaviour of metals and some 
other questions were an object of a number of investigations* 
pyeaent is generally accepted that under the action 
of radiation on nater atoms U and radical OHp as tiell aa molec- 
ular hydrogen and hydrogen peroxide are generated as primary 
products of the padiolysis. These Interiasdlate products in- 
teract further nlth the dissolved conipound* In the case of the 
diluted aqueous solutions it la possible In this eay to ox- 
plain the character and the yield of the radiolysis products 
andp ih SOTES casesp the radiolysis kinetics also* Based on 

this conception systematic investigations are carried out in 
r 19 

-p the OSSRol V*Yu«Pilinov3liy and Yu* A.Chizniadahev have isade 
calculations concerning the dependence of the molecular pro- 
ducts ylolff In the case of the radiolysis of vater under the 
action of radiations uith high Ionization densities in the 
i ppocQGce of scavengers* Too cases of atoms H and; radicals 

OH dtstPibutlcn during uater padiolysis have been considered; 

! 1) both radicals are in n track column with the diameter ^ 

1 gi?d 8) ntccas H have more diffusive distribution ( ^100 ^ )• _. 

B^V.Krohlor et al* ^ have compared the rate of radia- 
tion-ehesilcal deccsroosition of hydrogen peroxide ulth the 
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most reliable data available in the world literntiiro concern- 
ing the radiolysla of water under the action of ^-radiation 
of cobalt- 60 . The authors have confirmed the applicability 
of . hypothesis about the constancy of yields of radiolysis 
products of water as well as the adequacy of the law of 
homogeneous kinetics to the ease of radiation chemical pro- 

ceosos in diluted aqueous solutions. 

21 

In an other paper B^V.Ershler basing on the model of 
irradiated solution in uhioh free radicals and molecular 
products are distributed homogeneously in the total irradiated 
volume^ has considered general regularities of the radiolyoist 
for the caooo whore in this model is applicable. Proceeding 
from the QGsmi^tion that r&dlolysls products yields of water 
are constant values and that In the solution only bimolecular 
reactions proccod^r the author has considered the effects of 
radiation Intensity on the dependence of yield upon concentra- 
tion* Two criteria for the adequacy of this model have bean 
found. In the oaso of stationary state* the increase of In- 
tensity from to I2 dioplacea the curve representing the 
dependence of a logarithm of concentration of one of radlo- 
lyois products upon a logarithm of concentration of other 

i 

producto along the coordinate axes by a segment which is 
equal to 4^ I ^0 the shape of the curve being unchanged. If 
otatioxaary state la not yet achieved* the variation of In- 
tpasity leads to displacement by the same value a I^ along 
the absoisoa of the cuir^e representing the dependence of the 
radiation yield O of one product with logarithm of concentra- 
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tion of another. Radiolysia of the solutions of hydrogen 
peroxide la an example of such a regularity. 

It Is fcno%:rn that increase of concentration can hring 
th© conditions in nhich the dissolved compound would inter- 
act not only with free radical distributed In whole volume 
of solution but also with those in the points of hi^ ioniza- 
tion den3ity» cosseting thus with recombination reaction of 
redicalo and reducing th© molecular product yield. In this 
cenneetion the investigations of P.I.Dolin with collabor.^ 
n.A.Bolch with oollabor .9 H.A.Proslcurnin with collabor .9 are 

pp p^ 

of considerable interest. I^xaminlbg the nitrate systems p 

3S— 26 

as| well as the SQUeoua solutions of potassium bromide ^ 

it has been found that a substantial part of molecular hydrogen 

originates from the recombination of atoms H. Por instance » 

decreasing of magnitude of G (H^) till soaie hundredths of 

molecules per 100 electron-volt with the increasing HO~-lona 

22-24 

concentration he a been found « 

. -ppo^ the point of view of elucidating the mechanism of 

radlolyOie oxidation of Pa*^-iona in diluted aqueous solutions 

of considerable interest is the work: of V.N. Shubin and 
27 

P.I.Dolin 9 in which the effects of a pressure of hydrogen 
above the solution on the yield 0 (Pe'*'"*'’*’ ) is investigated. 

It was found that variation of the pressure of hydrogen in 
the range from 1 to 180 atm. does not exert an appreciable 


influence on system concerned . [a mechaniam has been sugges- 
ted for this ease which includes the following reactions: 
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Fe** * 

cm — + 

oh' 

Fe** + 


oai 

“2 ♦ 

OH — HgO + 

H 

B 4. 

— H + 

2 


Pe ♦ 


H 


2 

2 


roadItQ o<mflrQ the hypothesis accoFdlag. to iihlcb 

in doQGFated oolutioao atoms H take part in oisldatioii of 
icao=-F0’*'‘’'p dlFeotly of hy issans of formation of th© ions 

It ia Imcim the yields of radical and moleculaF products 
of nater radiolycls are dependent on the magnitude of linear 
caap^ tranofePi, ioOo on kind of radiation* Although a nui^er 
of aoviet investigations hitherto carried out in this topics 
io not largOo they are of a certain interesto A«M*ICahakchi 
ot filo ^ has investigated effects of ^ --radiation of 

eohalt-^Oo ^ -rays cf phosphorus- 32 and ^ -particles of 

plutoniao-239 on aqueous solutions of nitrates in various 
concentration# Radiation-chemical yield of WO“^ according 
to the authors eentioned is dependent on the kind of the 
radiation# For instance# under the action of qC -radiation 
of Pu G(HOg) is consider ably less# than that in the cases 
cf Jp-rays cf and -particles of P'^^. 

ZoV#33Pshova and H#V#VTndlniirova have studied the ac- 
t&GS Of alpha-particles of polonium on 0#8N aqueous solutions 
of HgSO^# It has been found that the Initial yield of hydro- 
gen peroxide (1#2 molecules per ICO ev) is independent on 
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ccaceBtPBUon of polonium dissolved in the renge of specific 

activity fvcm 0,1 to 12 millicuri pep ml, concentration of 

tending to its limit value. Pop 0.8 N H_S0 the equi- 

latoPloQ limitlBs VBlo® of the HgOg concentration ataeunts 
18 

6 - 80 10 moloculoa pep nsl, 

Q.A.BnacGntOQva and PoI.Dolin have investigated 
action of protoao with the onop^ 660 I 5 av on aqueous K^Bp 
solutions, Ihe linear energy tpansfop of the radiation esq- 
ticaecJ la nearly to that of 1 f5ev electrons. The work has 

that the radlation-cheEiical phencuiena are dof— 
colely hy the EsagEiltmle of the lloenr energy transfer. 

• V ■Ejiqo tho yields O (Pe^** ) obtained in the case of aqueous 

vl > ferrous sulphate solntion and g' (H ) obtained for KBr aolu- 

tions of various concentration (Fig, 1) have been found by 
tZiG E: 3 nticnGd authors to bo apprcjclmately oqual to the cor- 
roopondlng values obtained under action of Y^-radiation of 



Co 


60 


Pigo Ic 



•52— ♦'SV 

A,K,Pikaev and P,Ya. Glazunov ’ have studied radio- 

lytic transformations in aqueous solutions of several inor- 
ganic cC2^oundG at high dose rates. The latter have been 
achieved by means of pulsed electron radiation; the"^loctron 
^.<^l has been 0.6 - 1.0 iisv; the pulse duration - 5 /(.sec. 

^ 1-^ radiolytio conversions In aqueous solutions of ferrous 

^ cepic sulpha te» of the mixtures of Ce'*"*”*’^ and T1 

' ^ onl^Qtea and also and sulphates have boon Invest 

igetcd. The Fig, 2 Indicates the dependence of Q (Fe'^‘*‘^)p 
0 ) in the absence of Tl^ and also 0 (Ce^^'®') in the 
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ppeaence of Tl upon dose rnte, obtelned by the authors* As 
one can see from the Fig* 2s the appreciable variation of 
yields tahes place at the high. dose rates up from about 
10^^ ev/tel* 80 C. For instance^ G(Pe^^^) decreases with in- 
crease of the dose rate® whereas G ) tinder the Bata© 

conditions Increases. This is caused by the fact that at th© 
doGO ratoa up frcna '>^10 ey/ml* sec* and hi^er the processes 
originated by overlapping of ionising particle tracks begin 
to play a significant partp changing the yields of radiolysts 

products of water O (H)p O (OH)p G (Hg) and G 

^ 32—37 

In the papers mentioned above * it has also been 

t^bservod that at high dose rates the Iruportanoe of coag)eii- 

i 

i tlon betwoen radical- radical and radical- solute reactions Is 
i Qugtnented* The Pig* 3 shows the dependence of the yields of .. 

j rodlolyOic conversion in several systems upon the conoentra- 

1 

■ ticn cf diacolved substance at hi^ dose rates of radiation^ 

i 

J found in above centionsd works* 

The mechanism of radlolytlc transformations in concen- 

‘trated solutions is a problem of to-day* In this case not 

only the effects of radiation caused by the action of water 

radiolysis products on the dissolved substance take placc^ 

but also direct action of radiation on it is involved* 

iWEl>Kabakchi la one of the first investigators having pro- 

38 

posed th© conception of the direct action . He has shown 
that in the radiolysis of aqueous chloride solution molecular 
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chlOFlQ^ ia forcisdo the yield of which Increnses in propo?- 
tioQ to Increasing solute concentration Independently of the 
hind of radiation or the cation nature* 

A different point of view has been suggested by M*A, 

235 84 , 39 - 4-3 

Prcstoarnin ot al* • According to their hypo- 

theoio the high concentration gives poaslbility to radicals 
originated not only frem ionisd^ molecules of trntor, but 
qIqo from ezcltod molecules to be involved in the radia- 
tion-chemical roactions* Zu Pig* 4 the dependence found by 
tho autJaopo msnfclciiad above ^ is sbotJUp between the yield 
G (HQg) and conoents>Btioa of H 0 HO 3 solution. The radiation, 
yield O (HOg) increases with angsEontatlon of KaNO, concen- 
tratica reaching a constant value in the region 5 * 10 ^- 10 "^ 
IIo Tho authors have suggested that existence of this sli^t- 
2 y olcping Gognent of the curve can be explained by involv- 
ing of practically all the H— atoms fornisd in the reaction 
uith ultra to- 1 ones* In the more concentrated solutions the 
^ield Q (NOg ) iacresGos again, and for the 1-6 M solutions 
rej 2 ain 3 coaotant* According to the authors the increaco 
of the yield 0 (KOg) in the concentrated solutions is caus- 
ed by iQvolvccont in the process of the H-atoms originated 
from both the loniacd and excited molecules of water* 

It lo cl* A»PP 03 hiimin who has discovered the radiation 
ceasiblliaation phenomena described below* If in a solution 
cm© sdda a eubstance capable to interact easily with one 
of the radical radiolysis products of water, there are 


» 
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CP Gated conditions in ^hich «hoth©p padicRls are more cc»k 

pletdly Involved In padioelytlc conversiono In the cace of 

14 p 3'J 9 44 i*. 

nltpato oyotGua according to such suDotances aro 

^ glycerol aad glcigSya* Being active acceptors of OH-radicals 

tSaoQO ppcsiote O (HO 2 ) to he hlghePo 

* 5^0 curve 2 in the Fig© 4 popresents the dependence of 
O (no*) cn coziseatratlon of solution in the presence 

cf glyeorolo Eero the yield G (KOg) in the case of highly con- 
^ centra t©d oolutiena reacho a value of <>^#6 iona/lOO evp ehat ina- 

plies involving cf all xiater radlolysio products ia the re- 

Qctien viith dissolved eabsteaeep ^ 

^ 

Becentlyp HoAoProaIs:\arnin et al© “ have proposed the 

hypotheole aceording uhleh there are teo hinds of excited 

Hioloouloo of nator differing in level and type of excita- 

; tiem© '©Jlo hypothesis can explain the existence of three 

limiting values cf the radiolysis yield of dissolved sab- 

otencG In dependeBce in various conditions of radlolyals© 

In th© case of nitrate systeao as it was mentioned ahorvoi, 

th© limiting values of Q (NO") are equal to 2p 4» and 6 ions/ 

/ICO GV© 

RadiolyCic transforciations in concentrated aqueous 
QOlutica have hooa investigated by a nus^or of another so- 

45 

viot oeientiots© 'Bae uorh of l.©T©Bugaenho and VoN.Bolevalsy 
dedicated to tha problem of direct action of radiation oa the 
cer^GiatFatGd perchloric acid aqueous solutions is of a certain 
intcrcot. 

has been found by A« A^Bnlandin^ \»I©3plt3yn et 


Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 


I 

alo 9 under th© effects of irradiation on aqueous solu- 
tions of a several ccsnplex salts of platitiuia the proslpitn- 
tlon of EStalic platinum talces placep product having a 
higher catalltic ahllity in the lotz-tei^pereture reaction 
of eyclohexen© hydrogenation. Palladium black prepared on 

rsdlat ion-chemical mothed differs, according to the same 
4S 

anchors , by its catalltic properties from the raatertal pro- 
pared in conventicnal oay. 

Radiolytie traasf orsations in aqueous solutions of 

49p50 

plutonium have been oEamined by H.AoBakh and collnb. 

Soveral papers of soviet authors are devoted to radiolysis 

Of aqueous solutions of uraniumlb^ ♦ fV.O.Pirsov and B.V. 
bl 

Erahle? esaminlag rndiat ion-chemical roacticas in aqueous 
solutions of uranium (IV) have found that ucdor the action 
of ^-radiation of radicals OH and hydrogen peroxide 

are responsible for oxidation of U^'^-ions. As concentration 
rises, the oxidation yield ot first increases and subsequent- 
ly io lonered. In th© presence of oxygen G (UOg'*'^) Is signif- 
icantly more (16 ©q/lCO ev) than that In the degassed solu- 
tions* The authors have deduced the equation describing the 
depend^^nce of O (G^n' > upon U concentration, the ratio 
of the rate constants of the three reactions 
and H ♦ H) being involved. 

53 

OoK. Yakovlev nith collab. examining the effects of 
inherent d^^rQdlQtiGn of on the valency state of atoeri- 

cium In the aqueous solution have found that radlation- 
- chemical reduction of AmOg'*"*' Ions In a considerable degree 
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i6 depeafleat on acldltiy of* the solution as trell as on nature 

of the acid* For ©xaiaplei, in the concentrated solution of 

perchloric acid the yield G (AsOg’’*^) is opppeciably louePp than 

that in diluted solutions* The reduction of EpOg ions in 

54 

aqueous solutions induced by electron radiation la also 
deponent cm the factors mentioned above* It io of an interest 
thatp frcna radiatioa-cheniieQl point of vienp the penta valent 
QOptunima is more stable than other valency states* 

Radiation electrochOEalcal processes in aqueous solutions 


T 




have been an object of several uorks of soviet authors* 

83 55 

HoAoBahh et al ° have examined chahge of oxidation- 
-reduction potential of several conipounds in aqueous solutions 
under aetic^n of ionizing radiation* Extensive investigations 


of radiation electrccheaiical processes have been carried out 

56-61 

by VoIoVeselovsIiy and collab* • That in the norlLs of 

the letters It has been discovered that the potential of the 
platinum electrode la Irradiated 0,8 K sulfuric acid solution 
oaturated uith nitrogoa reaches a value closely approxiinating 
to the roverslblo hydrogen potential and the potential of the 

—I 

gold eloctrcda beccnes equal to *0*96 volt* 1 

^ 62 

D*V*Kol£Oullnaj> P*I.Dolin and A*N*Frumliin p examining 
beSiavicur of smooth platinum electrode in the solution of 
sulfuric acid In nlde range of doses absorbed and Cose rates, 
have been proved that the potential of platinum electrode in 
irradiated do8 N sulfuric acid is controlled by the molecular 
radlolysls products of tvater aceomulating in solution, l*e* 

^ hydrogon and hydrogen peroxide. The radical products of 
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padiol^Qis in this case do not play any npppeciabl© pas’t la 
potOEtial ostabliehment on platinusw A similar conclusion has 
been dpcfun by SoDoLovins and T^VoKallsh f*rosi an examina- 
tion caf the behaviour of nicliel electrode under irradia tioBio 

Examining tho oxidat ion- reduct Ion reaction under 

64 

ippadiatioa PoI.Bolin and V^IaDushenicov have proved the 
potential poosibility of utilisation the products of oxida- 
ticn and reduct lea in aqupus solutions for the purpose to 
tranofora energy of radiation into electrical energy. In 
other oordoo the possibility of constructing radio tlon-p:alvanle 


cell has boon provedo Another solving of this problem has 
beoB stated by V,O.VeDGlovGt:y etal. • They have enralcjyed 
the Pt and An oleetrodes having selective properties oith 
roepeet to ©xidisiag acid reducing agents formed in aolntion© 
lacder Irrsdiatloao ) 

are a nujo^or of soviet norlis examining the influenco 

of iGnlcing radiation ispon the corrosion behaviour of metals 

65 

in various msdiao ISoB.Tomashov ^ AoV.Byalob^Keslcy et al« 

have studied the effects of electron radiation on corrosion 

of Iromp ©talnlsss ateol and aluminium in sodium chloride solu- 

66 p 67 


tlons. A.V.Bynlobsheahy 


has examined corrosion of ms tala 


under irradiation in air. The cesrrosion of several mstnls 

r\ 60 

-rays of Co » 

X-rays) has been found by him to be appreciably accelerated 
by ionizing radiation. The rjotale examined can be arranged 
in the follouing eonccquenee: iron - copper - zinc - aluminium® 
corrooicn stability increasing. It has been suggested in 
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UBdQP iFFadiation is caused by formatiosi of radlolysis products 


cf ©sygeUp water and nltFogon in tbe air® 

68p69 

t®L®Ros©nf0ld and KoK« 0 she have examined the ef- 

fects of electron radiation on eleetrocheinicnl activity in 
various E:3dia of sirconluni and titanium covered witb oxide 
fili 23 Siaving Goai-conductor properties® ^Diralnution of anode 
and cathode reaction overvoltOfT© nnd increasing of rate of 
thQGG roactica have been founds The effect discovered is rever- 
sibloj stopping of irradiation leads to return of overvoltage 
0(2d rates of anode and cathode reactions to values closely 
QpproziniDting to original ones® Another phenoinenon of an In- 
toFOGt discovered by tho author a » is the fact that under Ir- 
radlatioa behaviour of raatals covered v/ith semi-conductor 
filna cf p-typo and of n-type with respect to anode process 
is quito different® With respect to cathode reaction such a 
dlfforenCo is not ob carved® \ 

TIiQ corroQicia behaviour of several metals under irradla- 

4rl 70 

tion has also been studied by Ya®td.Kolotyrlcin et al® ** • 

For Gxsn^le they have investigated the effects of |p-padifl 

tion of Co^^ on electrochemical properties and corrosion of 
staclo nickel atid plntinam in sulfuric acid. It was estnbllsh- 
cd» in the case of steol and nickel p that effect of irradia- 
tion is ©Quivalent to anode polarisation® The authors have 

56-61 

confirmed the concluclon by V . 3 -Veselovsky with col labor® 
about QGtablishment in sulfuric acid the platinum electrede 
potential closely approximating a potential of reversible 
l^drogen ©lectrcde® 
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5o Kadlntioa cheisiistry of 6lg?7)Ie Inorganic 

A marnbQP of \ 70 ?lC 8 soviet suthops is dedicsted to 

Qtiidy tSiQ padintion.— cheniicsl peRctlona of simple Inopgaaic 

molecttloG^ Tlae stteatioB to these investigations has boon 

sttmctedp fipst of slip o^ing to the fact that the esoniiiia** 

tieas of GQch poactioas nllo^Sp mope succoBa^^ 2 lly than in 

cacoQ Off othoP ccii^oiSEidQp to coppolste the yields and kinetics 

uith iCBlsation and ezcitatieis potentialsj, dissociation energy 

and othep pspametopo of ippadiated matepinl as i^ell as to 

stiady the effect of phase state on padlolyoia and to correlate 

.padiatioa-Ghcnieal and photochosiical processes* 

The E:oot CGi^pleto Ifivestigaticn in this topic nccornpllsh- 

cd by soviet chemists is radiation chemical oxidation of nitro- 

7l>72 

C©a ulth the OEygen* SoYa«PshGShetsky and HcT* Dmitriev 

have examined kinetics and rjschaaisia of oxidation of nitrogen 

r 

tinder the aeticn of electrca i!i 5 >acto|J^itrogen pressure has 
r been varied from 10*”® to 10“'^ mm Kgg electron energy - fram 

I units of electron-^volts to SOO Kev* i Form- tlon of N^-ions 

nppoaps to be an intermediate stage of the reaction* Kinetics 
of the reaction is described by an equation of the second 

order (, aetivaticai energy being in the range 2-7 kcal/raol* 

r ' *73 , ^ 

T (l^tOPi; H*T,D3iitriGV and SoYa*Pzheshetsky have carried 

j out uork on oxidation of nitrogen induced by ^ -radiation 

j of UBdo? preesures up to 150 atm* and at temperatures 

i 15-25^ and et 150®C«> It has been observed that increasing of 

i 

I preosure frea 1 Em Hg to 760 Em Hg loners the oxidation reac- 

I tioa yieldp but at the further Increasing of pressure the 
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yield incj*enses:> reflchlng the m^^gnitude of 5-6 molecule a of 

i HOg pep 100 0 V at 150 atra* Tl^e yield of 3-50 atm at 

J 150^0 1 g 2«5-3o 5 iaol/100 ov® the dependence of the reaction 

■ pa to on cciHposition of raixtare ohoys to an equation of the 

ee.cosd ©PdePo A deviation fpcia th© equation of the second order 
I 

k 3 G been obcepved for the dependence of reaction pnte and yield 

i 

on the ppesauroj, ■because of pecombinatloa of ions fortssd under 
ippadiatlcno 

74 

Kocontly MoToHnitrlev and SoYa.PaheahetsJsy have exais- 
Inod the transf ormatlcn oceuptng in nitrogen dissolved in 
uatOP ondop aeticn of ^-radiation of Co^^ and e ‘beara of 
feot electrons® It hao boGn found that nitrogen dissolved in. 
uater UBdor irradiation is fixed in form of nitrate , nitrate 
amd acrzcnlao The yield of the react ioa is dependent on a coia- 
; pcsitica of niixture of gas dissolved and its pressure® For 

i inQtanc ©5 the yield of nitrogen fixed is 0®09-©«18 at 1 atm® 

i 

1 

1 sad 1®0-1®4 etc^ at 150 atp* per 100 ©lectronvolts of pedia- 

\ tie:s e^r^ a’bsorbed® 

— 76 

S®Ya«PsheshetQl:y et all^Tg^ have also studied the for- 

caticn cf oson© la liquid and gaseous oxygen under action 

of ^-padiation of Co and fast electron atpeam® Excited 

ffioloouloQ ©f oxygen have been proved to play an important 

a 

role In t£ie poactioa® The Padiation-cheinical yield of (aone 
iQ 12-15 moleculeo /lOO ev in the ease of liquid phase and 
1<®6 coleculeo/lOO ev for the gaz® 

E^dpasiiDe iQ formsd under the action of fast electron 
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■beam on llquJJ^iecl nBsnonlft 


The Intter process is choree- 


terized by Btotlonery hydr ezine concentration (ysing to the 
oqailibpium bettjeen rotes oT direct nnd reverse reoctionSp 
the yield being 1.0-1*2 raoleculesA^O ev* 

It fens been studied the kinetics of hydrogen peroxide 
dacciEposition depending on its concentration In aqueous solu- 
tion under netlca of '^radiation of ultraviolet light 

ao nell as the analognous dependence for the rate of the 

78 

' theiHnal docor;positioa o The r^^to of the reactica a a th© 
concentration increases has been found to have nl;lt 7 ays a 

It has also been observed that the rate of the radia- 
tioa-oheGiical reaction Is proportional to square root of radia- 
tion intensity o The activation energy of the radio tica-choni- 
leal reaction is 6o5 kcnl/molp that of the photochemical re- 
action being 8-9 kcel/mol. The yield of the radiatioa-chem- 
ieal reaction Is dependent on temper a tor© o Dependence of a 
degree of electrolytic dissociation of NOg-radicals on the 
concentration of the solution is proposed In the paper for 
explanation of kinetics of the reaction of H 3 O 2 deccisposltioru 
Several papers of soviet authors deal vsith investiga- 
tion of effects of iesaising radiation on solid substances* 

79 

VoI.Spitsyn et el* have exaniined decanpositlon of 
solid cc 2 ®lox ccn 5 >ound 8 of platinum under the action of 
electron radiation* In these cases formation of free metalic 

r 

platinum uas scmetlnies observed. 1 The magnitudes of the initial 
yield of iRstnl are represented in the table l.[ Th© data • 
of th© table show that a degree of decomposition of the 
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CQ^lexcQ 13 dependent on nntur© of th© splt nnd spec© Iso- 

moploGu Pop Instance^ tpnns-- [pt Cl^] has lov70p pa- 

diatlon^choBilcal stability^ than that of the cio-isoaisp. As 

It is obvious fpcm the Pig. 6 and Pig. 6p the degree of de- 

\ ecsposltlca of the ccamlex salts peisa ins unchanged at the 

i » r V •’•ii ^ 

'■* integral irradiation doses. Xu those conditions the pro- 

^ \ ” l \ ' jjT 

eocG cf po-ozldation of free inatallc platinum by atomic 
^ ' ehlopino brought about with ’radlation-chenilcal decomposi- 

tica Gf the CGo^ouadG" c oncer aod has apparently a significant 
s parto 


j^Q„injL_tial yields of fre© rnetaXic plstlHuia 
at_.irra_dia tlon of cornnle:?! c'cirnGunds 



-V 


Pfi-Go 0 

Pigo 6o 


I 


\ 




Cczpcaad 

Initial G atonv^OO ev. 


0.018 


0,143 

)2^tClg*3 

0.090 

[p^ (KHg)^] Clg , ' ' 

' ■ ^ 0.047 

[p« Clj-ci8 

0.036 

£p t (Kr22^2 Clg]-trans 

0.338 


UoA.Proskupsiin et al. have investigated the effect 

60 __ _ 80-82 


of ^-rsdiatlon of Co on solid KaNOgj/and .KCIO^ 

ao coll GO ca cryotallinG i-sydrates of nitrate salts 
8S 

paper 


83 r 


■L" 


is of a certain Interoct describing the effect of 
dcoG pato of ^-radiation of In the region of 0.2.10^^ 
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16 

to 4.1.10 ov/al, sac. oa tba ppoduet yiolda at 

eovejPBl cpystalllna hydentes of altrate salts. It laao beea 
B»ovod that a mlEiiissaia oa the carve e^pasalBg the dapondoace 


at 0 (BOg) t^ca dose rate Is a charaeterietle featare for 
all cryatalllaa hydrates essmlasd, tha posltloa of the loln,. 

r 

InasB helBs dsterclEsd hy eature of the eotlen. Bie crysOal^ 
line hydrates ore eo;?© aoaiaible to the actlea of V'-radla- 
tlcan tSiaa tSio ce2?Foc7pc:idia2 lanls^dpouG ealtoo 

VoVaBol^rov ot alo Biav© coasidopofl t^e e^Yoct 
cY pp©linlnapy Ippsdiatioa C 3 the pat© of tiiepmal fieccs^osi- 
tlGa cY Qilvop osalate eoa^olEiatod uith eadnlCBc ppoll- 
laiEQPy ippQdiatioa mtK Co^ abcat aa la- 

tenoiv© accelQPatioa of tSi© ccili)ooqttGat tSaopcal dec 0253001 1 Ion 
cf pnpQ ollvGp osalatOo ^OFcal doocz 3 scslfeic 2 i ^ tliQ call 
ecn^ Inins tpaeoo ©f eadmiim lo acoQlepntGdo ZoOp bat la a 
coastdepably ghrIIop .d©si?©Qo Oa aa qplnloa of tJaa antJaopo 
t£ao pIbencnGanca lo eanccd "by tbo fopiEatloa In tb© ppQoeac© of 
eadmaa la cpyotal lattice edditicaal nur^aop cf eatloa vecan- 
eloop tjiileh can t 3 ?ap pooltlvo holoo op apgeatisia eatlcsas fpca 
Intepotitlaleioo. 

of opganic corn>o?^ff^dle 

©s© poactiOBS of opganic conspounds induced by ioaizing 
FQdiatica QPG objects of pooeapcb tjork caf a Ftumbep of soviet 
imroQtigatopSo The nopta qp© cappyin^ on in sevepal dlpectioa; 

A.V.yc^cMev and L.S.Polak tjitb collaboratops 
cappying out tb© oystesiatlc investigation of the effects of 
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^ Cif QEfi fact eX^etFOB boars ca IsydFo- 

oopbcao in gaaocsiso UqGifi acd colid phaaos* Baood oa expoF- 
lEoatol data tb© follcains pooslblo of Isiitlal Fadle- 

f 

lyclo Foaetioa EOFcal allsanos havo been ouggestod in. tboiF 
papOFO* 



EjieninatiGB of E3R— spectra of irrsdiated at 77® K la 
fFosoa otato is^beptane indicated the ccenreace of ftp©® all^l 
radical© and also cf H-atcaa but in a aealler boeOjopo It has 
boon proved tfeot tboce redicalo can be feept at loo tei^pepatar© 


cvop a Icag period of time* 



It bac beoa fouini by the authors isantioaed above as 
tJoU ao by fere lea authors that the total yield of the radio- 
lysis prcdocts cf hydrccarbcaes at rocai t©n5)epatupe is about 
10 czoloculesy^OO o«Ve o the prodcoainant process being dehydro** 
eeaatiCBo osamissatloa of the radiolyais of n^-heptane is 

E:o3t detalledo irradlatitsa of ©^heptane in ordinary cou^ 
dltieao the gaseous radlolysia products contain about % 

cf bydrogesio rest of 20 5$ includes saturated and unsatur- 
eted bydrocerbonso 

In thQ oerios cf soviet investigations in radiation 
chemistry cf hydrocarbons those of radiation thermal er ach- 
ing cf hydrocarbons are cf a significant interest 
hao boom found that at slJHaltasaeoas action of radiation and 
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i-Vli 



©o 

T 

. i 


\1 


beat tllSQ eUiaia FC3Ct5.C3 ef CFaeldLsiS c^3c?spSo l^tla'tlca cf 
tbo c*oaQtl©a beiEig eaiacod by Fad^atloH^ ubiXa prt^pagatlcni 

PCa©tlG3 bolns cai'EitaliBQd oa aeccKsnt of -beat ©aep^o Fo? 

/ 

lEiotas^o QO ©as eaa coo ia Fig<, ?» iFradiatlca of a-boptaa© 

Qt ©leva tea te£:3^<3Pfi^5Js»®s leado to tb© Ghapp liacpeaQiiiQ of 

/ 

^Qldo'G^ Baydpcsapbea ppcdaoto cf padlolyslo* Mopeovope QEoag 
ppcdooto of padioXyols aa ^acpeaco in oBaatapatod hydpocapw 
'bcB© ocBtent lo noted (PiG« ©)« oen snppca© that the radio- 
tiea teoF^l GPoeliiirig cf hydrcaaphcaa ohonld he a per epee tlve 
ca^cd QO pogapdG to t!icoa of ncicleap Fadlatlon in the praetieo 
pmppocooo 

Asaothop bPQBish of padiatioa chesiistry of opganie ecs^ooado 

dovGlcspod by t53© eoTlQt selGBttQta is a tody of radiatioa la>- 

dueod OKidatiea ppesocaoG in organic eyetenso K-AoBalih alth 
©a-©9 

coXisbego 

id thlo tcplo^ inEdop QtilisQtloa of diverao types of radia- , 

ticds S-jToyo^ V-PQdiatioa ef Co^ o fact electronsQ laiared 

-1 : 

pQdiatiGa ef a e3?1©qp i?G®etop« Anthoro centioBed above/ aro 

9S^S4 ' 

fipct t© tov® fecESLd that tsiadep iFradiaticn of liqnld 

hydpcoQFboBQ (hopta^p iooeetnnep bonsenea cyeldhoxanep etc* ) i 

Gotopated uith o^gea the oscidatlon of the hydrocarbons at 

ro€^ tenporatare coetaro generating porozidos^ carbonyl ec 3 - 

ponedcp QlecholQp acldOo etOo^ the formation those oo^oiando 

being oiraXtaseoao ri^t from start of Irradlatiosu In the 

eQce of hydreearbene la ordinary condltlone the reaetioa of 

CQ^^MdatiOB is not chain reaetion« Kthyl ale^ol and aeetemp 

csiloeiaXeo ef chieh ocntsln core saovable atcas ef hydrogoa 

ore OQiidinod on the chain G:3ehenl8m ^ith short ohaia« The 


(^Q carryiBg ca tee coat cetecdlcal research 
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cefeenia eiaggoat^ ^ HpA»Ba^» foj? esplanatlG^ czf 
ludneed cxildatloa la 'bnsod C 2 i the st^posltlc^i that 
pspcacid© pedleals can he formed hy addition of oxygen xBolee- 
nl©8 to the free hydpocRPhon radicals* IQie slmultaneotiQ forma- 
tion of the ifedlolyols products Is caused by occurence of 
80 ^x 3 per^llol rcoctlohs of the peroxide radlcalo of type 
OP by simultaneous formation of the various peroxide radicals: 


& 


* Ug 

64 


f6 

'8 

EOOH > 


ft 




_ J _ H'" 
0-0 


// 




ROOR^ 

Biradical E p \7hlch can also arise under Irradlatlc^ of 
hydpccarbono interacting ulth oxygen gives a molecule of acldi 


S6g «. R' 


• • 


0-0 

I 


R 


0 

1 \ 

C — 0 


R ^ c - cxa 


- o’ - 

I 

H H 

Oxydatlon of n^thane by oxygen at room temperature under 

action of feat electron beam has furthermore been studied by 

100-102 

B«H«Qltihallov et al« » tDiey have not observed any 

chain reaction of oxide tloup too«^ 

l^eAbBsUh as uell as H»I«Proslrupnin are carrying out Ix^ 
veotlgationo of radiation Induced oxidation of organic com- 
pounds in aqueous solutions* In this ease oxidation is main- 
ly caused by Interaction of radlolysis products of solvent 
ulth dissolved substances* Hence the oxidation can here take 
place even in absence of molecular oxygen* 
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X03**X0^ 

aXo havQ a 


I oseoXnatXca c^f radlatXc^ elioaicaX osidatloa of InZo 

V I ^^iQOC^ In aqcaciis ooXtatXeOo ^ove oboerved aa ira'&OPQatio^ 

i p^ioaGzaiiicaj t^Q yield Cif pl^oiseX la pposaaco csf Po^’^-icaa eaa 

4 

lEOFoace 3 llcao aa agalQ^ tBiia cs?diaapy yioXd aad anio^nts 6 

t 

; ez^Xecaleo/^OO g 7« It bao bccB aXso Gzaolaed padlatlca lEdcisod 

X05 

! Qsldatlca of" <^Xc7'baas:soH0 la aqGoous aolutlcao • It baa 



t 

\ 



i 

i 


bcoa pipwcd byds’oXyolQ g£* eblOi?t^aaea9 plays an isip^taat 

pa2?t la tbe FadloXyolo« 

XCS 

HoAoEa^ at aXo bava la^GQtl gated ozldatloa of otbyX 
locpPCpyX etbe? la aqaeo^ Golationo aotica - 


I ^3?s570 and Pact oloctpca baaEO* la tho pFecoaco cf ©lorgea tbo 

! 

j pccGOOO cfi* tbalp osldatlca ppccecd by chain EEacbanlcao Pp®- 
I dacto (sT poaotlcn la both two croog qfq popcnLidos (the 

I 

I yield lo abcat SO inalocoloo/lOO eoVo)p eapbc^X oca^oaado 



(tbo yield lo obcat 25 cioiccialoa/XOO OoV*)o aXcohoXo and soldo 

At tccpOFatapcop ao It hao been choon by HoHoErri- 

107 XOS 100 

acoX ond QoAoFpoohapain ot qX« ° p chain osidatlGn ■ 



Gf Xg^dFceoPbcno cadcsF octl^ of padiatlcn taliea place® Pc? 
laotaESOo it bao been ebcopvcd that nndop aetica cf — padia- 

tlca papoSfln 1 b ppoconoo cf oszlgea io ©ffeotlveXy esii- 
diced at XS7-*X^® C giving fatty aoidOo SSio ppocooo of osl- 
datloa ppceced by docpnopatcd chain-bpanGhlng inechantca® 

« « xio 

Eocoatly V.AoBalsh and Tong ^aa -chchea have O 2 :ao 

Icsd the tOGpopatapo dependonee cf padlation-choialcaX onlda-> 
tl^ cf Si-hop ta BO end n-noEano® Fc5» both hydrecapbena studied 
^opo aPG too pogicna ef tcepopatop© depondsnoG of tS^ yloXd 
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\/ 


CfStfiatlca At tl20 tcqr^Gi?ati2F© bol©^ 70® C r^ %X 

yloXda Qnd lE;Sspe^E;S6-2Go tG::::3>Qi?atC!!?o are obaopved* At toti* 
pQ]?atQi?o above TO® tbo yioXd cf* padlolyslo ppcduoto 
iRCFcaooG uith tCH^GpatttPGp poacbiag la th© cao© of pQPOsides 
vq1c 3 of 30—40 caiocialeQ/lCO q©Vo la th© cao© of padla^ 
tlca iadaecd osldatloa of a-aHiaaeo qq It baa boon sbo^a la 
Fc(pc? Eicatlcaodp latopfopeac© ©f chain and opdlaapy poae- 
tlcn E3QhaBls23 Is a dlotlactlv© foatapOo Tbo t^3^>opatnp©o at 
ublob ebaia poactioa ap© laitlatedg 1 q dcpenidant co natope 
of ippadiatod c<s:5?e3iado 

A nocibep of soviet sclsatlata are otadylE^ tb© ©ffeeto 

ef icalsin^ padiatloa on mlxtuipo of cpgaalc eos^oundo© Tb© 

111-113 

u©3?tx cf EboSoBasdaeaPian ulth eollabo?* lo of a cc^ 

oidspablG tbcopotleal intepceto Bsamlnlng ^ -padlatlcn iIi^• 
dneed dc3ciH>ooltloa cf bGiassc 7 l popoxldo© la vaploaa oolvonto 
the eathcpo con tiered above bavo fonad that In bensQsao ooln- 
tiens effeetivo tpanofop of ozcitatlon ©ner®^ fpon bonsGao 
moleenlGa to ^posido E:olecGil©a eceurap lacpeaslng la a 
nif least de^peo pedlation ebenical ylold of its dosaj?* 
fFos* poactlcs otediod ezcltatioa enepgsr tranafep la cbeepvod 


U i"** 


if Eizolocaloa of both the eoaatituents of the isolatlca have 
apcsatic gpotzpoo Fo? ©sample^ la csrclchoxaa© and ethyl aeet- 
Qto oolatloaa the oaep^ tpasefep fpom aoli^oat ^dooa not oo- 
otEtPo and Q ehals pcactloa cf doccrpoaltloa of popozildo lo 
iadsecd by pedicel o foPi^Dd aadop ippadiatl^ of solvent a« 
BG3GVOP any oiiz^le coppelatica betoeoa atpactsp© of c^l®- 
eoleo asd Ita ability to accept the ezeitation enep^g^ dooo 


Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 


- • ♦ 


n/ 




'-r 


aoft ©alo^ • Pop acox^easea© dooo aot ecooi>'fe tSs© 

oseitatioa onep^p al^ca^ ito molecalos eoataia tuo pfeai^l 
rlogo cea^ciGatGd ultBs dcablo boad* boiag ac- 

tivo ecceptepa <sf tb© orisp^ apo rsegll^bly oapnbXo of oHsa- 
pcjblo at all to moo tBao oaoFgsr To^ cSaesaical tFaaofopmattcao 
Pop laotniiiSOp oeieb a ccr?,'(iad is pbei^lasotplpbo?^! E3tfeia?£©p 
uble^ dcoa Eiot dloocolato C3i padlealOp usuiep action at ©zcl— 
tattca cosPssT aoeeptcd Iq qplto of tb© fact that tbls poao- 
CSCGPC caollp tuaflep tbo action ef boa to 

114 

In tb© pocoBt papop cf KboSoBagdasaPlan ©t al# esa«- 




t 

I 

) 




E2ii2atlGa cf padiolyoio cf diluted benaono ©olutlcno cf opganle 
dloulpbldoo eoataiaing aposatie and alipbotlc aubstituents 
hao boon docoFibodo Brno to tbo padlatlcn ©aopg^ tpamofep 
fP03 tbo eolvent to tbo dlecolved cozi^oundp tb© yleldo cf 
fiocccipooitlcn of dioulpbidoQ bav© boon fouEd to b© stsfficlent^ 
ly E-Opo tbQE tbo ylold being expected In tbo cao© nfeon 

all GSSwiat Gf oaop^ aboopbed bsr tbesi uould b© epont ccaplo- 
toly fop tbcip docoH^oaitleno tEbo ©ner^ tpanofep efficiency 
boo boon fennd la VsiQ uopb Fofeped to be dependent on tbo 
nattiFo ef tbo dlonlpbldoo l^nsp dipbonyldioulpbide and di>- 
bom^ldloulpbido ape appponl!i:ately identical onep^ qooo^ 
topop obilo Qceoptins capacity cf dibensoyldiaulpbido lo toalf 
of tbat cf tbe fornapoo Alipbatlo dieulphide© (diethyXdioul** 
pBnidOp 41<^^2^Q8alpblda) Erantfeot eiopo loa deecsgjooltlcs 
yields tboa tbooe cf aronatie dloulpbideo^ due to tbe eon- 
Gidopably cnallep IntepEoleculap ©nepgy tpanefep efficiency* 
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A G!? pQTOOPO feavo pabllo^iesS oo^io'fc Qatlii- 

doaXias FadXatilca—elic^aXoal ^aXogoDQ^lcao aoliSlQ^ica* 

GtOo P.VoZinatcov et heVQ osaoliscd cfi'cs^o ©f '^-padle- 

MG2i c? C©^ ca eblcc^lnatica poacfeXea c^? feoiasotiQ la titao toa- 


z?ogXG-i f*PG-2 «»£0 to Co ^2© PBdiatXca ctecsniesl 

f 

csMc^pXcatica fcoacoco h£io "beoa fcnsid t® ppoooG^l trltJi 
ylolta 40COOO csleealGoA^O ©oVop tSse POGttltlras csjtopiQl 

E2avX©s^^€7vatciSl ccxat©at of* feX/^^>»t02SleaX T — l3C2::3F of feosa- 

olalOPcysXGiiosEQCG iB cerrpapioca nltSi iaduotpiral ppodiaet 


talEio^ ^27 pC>otC3l:cnii©al 

•Eio off'GOto of icalslng FsdiRtica cm nistopos ef ’feoasofiso - 
••QEZ^OBiQi) IboBGOBQ— CQpboa totPadSic^XSoo QBfi bOTllEOD©-<JaPfeCia 


totPQC^ilepi^ nltti ecnrpo^nE^o ecBtalais fXaoPlffi© liavo "feGGa 

116-110 

©imnXcDfi ^ AoUoainlQ oitSs collabc^o o la tS:o calstaa?© 

of bcBSGBO an^ e:zzcBia csBilGi? T — ippadiatlOB bbIHb© nitb 

a crsll jrlold Xq f*©PCGdo Iq tSio cao© of tb© bGiasoao-eapbca 
totPaeMloplfi© csrctGB f^opcatlco csf noaoahlopQboiazotpieJilQPid© 
bao bcca ©bDOPVOS (papalXol nltb oei^G otbop padlol^^olo ppo- 
Ccsto)o to tb© E2lstts?03 of CCl^ ultSa ioopgaaio flaoplfiss 
Qi^a ©f boaasBO ulth olcploot ftoCE»eapbcao flmopleatloa ef 

CCl. QCS cf bcBSG 2 Q tatioo plaeOo 

^ 119 

PoVoDJ^^Gi^tspaalaa ©t alo have atadiad chloplDaticsa 

of oHl®€3-epsanlc goboeopo astd poIstesp© uadop ©f fee to cf 

-►PGdXQtlc22o Za aaotbep papop of tSs© aathopo Eoatlcaed 

pciflilaticB ebGinleeil culpbes£i 2 .<JS?laatioa aad oolpSic^oxiaatioa 

ef ^poffiao os uoll ao sosi© polynsspa are descpltoodo 


120 
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HG£Ga?choo cna up padiatica— choioieQl 

Gf CEPgBaie eyatiiosio ere eappyias la tbis eozmt^o 

ISl 

BUAoKccboahlioru ©t alo have pycposod tbo padlatl«s-eIbo- 

mieal fss^hcd ef ppepapatlea czf ^ia^opgaiilc cch^oue^Oo VoIo 
12S 

Spltsyn et alo fcav© • oeplied , ©at padlatloa cbemlcal oyo- 
thesis of ba^l ©tho? of phoophG 3 lt?yl ehloplfio* poae- 
tioa ppoeeods trlth e good ylold undop actloa csf fast ©lo©- 
tpca hoam ©a oolotic^ of phccphosiltpyl chlopifi© In 
aleoholo 

Radlatl©s>-c 22 onlcQl tpaEicfopra^lcas ia (Syoe aad omhataa?- 

eoo cf 'blcshcoical latopoat qp© also 'bolag studied by ocvlet 
r 12S 

eJiQQlo^Oo \loVoVopooeblao!i^ hao onamined the egra^haoia 

QEid ’tpaaofcPE^^iciio cf leuco-ccc^Gaado cf th© dyoo oadep 

60 

ootlca ef Y^-Pcsdlatlon of Co as uoll as tho ©ffeeto of 
0 . 184 

T -podia ©a ©a qjnathooio of iad«^h©a©l • In a aHnS>© 2 ? 

126-188 

cf Gcviot papspo the padlolysiQ ©f Etathylon© blao ' 

189 

isa G(st 2 G€m 3 oolatiC 3 io d©scpibod* 13*AoPpoolii2pHln ot ale 
osEolacd padlolytie docolopation of indigo capiaia© oolutleaoo 
A Igpc© cf lKVO0'tlga^i03>Q deals ulth tho ©ffoc-to of 

ionlsias PsdiQtioa oa cubstanses cf biological iatepOG^p !«©• 

ISO 131 138 

ppo'tolao 0 ealacacldo © capbcSsydpatos 9 aaiinal 

133 

fa to 0 BadlolyGls of ppotopopphypla has boon ©aamia- 

134 

cd by leVoVopQsehlnolsy « 


60 Radietion polysgrlgatitm 
Hediation polyiRapiaatioao at ppoooatp paalss pathQP 
th© ppcblecG to b© solvejd fo? tb© uses of Icalsia^ 
psdlatica in tb© ppaetieoe ^Ma lo called foptb by t 22 G fast 
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In Ga encoo tto radii^tioa Induced polytEi 3 Pl- 

sat lea a a It baa beaa cbom la a aurtbop of paporo inoladiag 

135 

OCC23 popopa cf 8cvl©t a^atbcpQ p ppocooda by a chain cschah- 
lG3p the ppccQoa bein^j laltiatod by free padioala ©Plains 
nndep Ippadlatloa of the raontn^p® 

Reaoapchoo la padiatloa polyE 3 Fisati^ ap© capplcd eat 

in many coantriose In the tTSSH the ^opk la thl© flold Foallsa 

1 S 7 133 l39“143a 

8 i» 8 oK 3 dv©d 0 V p ESuS.BagdaoaPlaa ’ » AoD.Abkla 0 

IdS 

B«I»o?Q©tlla and othop oovlot lnvostisatcK? 3 . 

tto poeont lo^ootlgatlona oa thlo topic that ef 

BoLo^OtllBo VoAoSopgeGVo S^RoRaflkoVe V^VoKopohak, PoYho 

142 

daounov and LoI>*Babln 9 ocaeopnlng padiation chesalesl 
polys^pisstlea cf co thy l-Eetbacpy late® is of a ccaoldopabl© 

\l thoopQtleaXland ppaetleal Intopoot* la the ppqoqdso of alp 

tho EiDthyl isathaepylato has besa foai^ not to bo polyTcaplsed 
mdop aetloa of iGalolns radiatloiiu Honovcp© espeatanooao poly- ; 
E 3 yisatloa cf tho Ippadlated Eateplal ppccoeda at pocsn and 
1c::qp tenroopatopo to the high degpe© of the coavopoloap af top , i 

I 

i 

the acecGQ to the £ 2 atopial of the anbleat aip hao been etep- 
ped« lavestigaticno ef the polymepisatlon kinetics of ippa- i 
diatlon and at wrlcao teemepatapestf indicated that© In the ^■ 
flp'Cjt dogpee of appporlcation© the ppccooo by its chapactep 
lo ideatlcal to polycsplzaticn ppccecs of peroxide type end 

1 

aHOthcp typoo of podleel polysiepisaticao Oa cplnion of the 
anthsspo cf the paper el ted© the polytseplsatloa ppoeeas lo 
l?altiatod by ppcdncts csf radiation chenlcal oxldntlca of 
cethyl Eiethacpylato (probably pep oxides fopEsd by in top©©- 


^ V ■ 
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0!f ppicopy tvoQ. padicalo ulth oaygea)o Being hi^ active 
thecQ products create pooslbllit^ the lotr- temperature polyme- 
risation to he exGCutedo The feature of interest is the fact 
the carves representing polymerization kinetlco are in this 
caoe Esoro eaooth in compariaon uith thoae in the case of poly— 
Esrisatlca hy tioascyl peroxide® The ** gel-effect** in the pro- 

©aoGQo doccpihed taho plaoe chon o ccneidepably lEsre hi^ de— 


i;p?eo of ecnvopoicn ic oehievod oad the i?atlo of 



V 'V' 

9o 


pcaeticm pcto In. tho oolf-aceeloratlon otaoo to ialtlal 
^ of CGollog valEiOo E-o eurvoo representirng tho dqposs?- 
'■ cf i?otio cf polynDri£3aticn rate in a given msiasat to 

’^"‘ o initial PQto crpca relative duration of the procoGo aro 
, :'fV.'^£^C3a la Figo 9o 

.»r y 

^ Beoemtly the paper ©f SoSoLbdvedevp AoD.Ahliiia eol- 

nheut polycerlsation cf oths^lone tmdor 'JJ^-radiatica 



MS 


vV -I* - 

/ V 0 t 

Ccr^ UQO puhlichedo la this eor&s th© rate cf radiatica 
polycerir:atlc3 cf othyleas in solutloB and la gjaaecu© phaco 







mdos? vorieao proacuroo (coseGntraticaG)® as uell as screo 






> W prc2;?QrtlLoo of polyErro forced have been examined® At a prea- 




^ onro SO Qtn:>© t©ir 3 >G 2 ?Qtur© 35 ®0 ood dooe rate 98 rc©atsoh/c30 


pcSycerioatlGB Gif othyloa© in heptane© cyeXchexane© methyl 
alcGhol end aeotca prccoedo tJith a rat© 10 tices exceeding 
tho ratG cf tho polyinerizQtiGB in gaseous phaoe at the coco 
pyoDonroo^n earb<Ka tetrachloride tetrachloraltLanes nlth 
”r voriouo oolocular eoi^t are formed® At the Initial stages 
1 prc?CGGS ppoceodo uith aceolcsratlcfa© further th© rate cf tho 

1 p!?ocooa boiisg eono'^ato 5^© rate cf the process is proportlcBal 
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\1 


sj 



-n/- 



liPFedlatlGTi dlciCG iQ the pccrop 0o3» uhile tliis padla^ca 

ylold la p^c^optlorifil to tlio dose pat© In the posses 

polyotSsyloGG poscesGQS hi^op density 
(0c;S<lG«=0oS75 g/sin^) sad cpyetallinlty than the high ppoQotEi?© ' 

poly o thy icBG<i 'iconoil© st^ent^ tsf* tho polybthsrlen© pyepaped 

< 

^ ‘padiaticn-chcnieal cathcd diiTops llttl© fFcm that of th0 
hi^ pp©0Qn£^ polyothyl-©GQ« 

138 

VoV.Vosvcdal^ et alo havo car'— 

Pied cmt invoatiE?f^ttGn c? gpof^t-polymapisation oith 

irradiated 

toflon© Pop elecidatlGa of cschaniea cf the prcoesQ a csathod 

cf ©IcetPOHi CTO in p©sonaB2CQ has been eo>loy©d* 

144 

KhoUoUcsaaovo DoKo^asaovjj Ra3oTilla©v hnv© inves- 
tlgatod tho psdlatlcra chemical cethod of prepare tl on graft 
CG^olyn^pa in the t^oto^ polystypone-acrylnltryl and per- 
chlcrvinyl-QCE^lsaitPS^Xo It has been oboerved in the caoo of •■ 
polyotyp©^ and aery Ini tryl that the reaction proceeds in a 


polystypone fils soollen in acE^lnltryl under radiation up ' 

to doc 3 Q lo 10^-4^10^ reoQtgcao Prcparatlcm ef graft copoly- 

C 3 PQ on tho baolc of psrchlorvjnyl and acrylnitryl uas ao- 

CGspllshsd by Irradiation of a perchlorvinyl film (in ppe- 

canOo cf air) oith ths ccnoequont treatment with acrylnitryl* 

AD it has boon msatlonod^ radiation polymsrlsation in 

coot of eoGOO ppocecdo by a free radical cschanioiao 

HcuovoPo pocoatly it hao boea ©otablished that under certain 

ecjcditicao (bog* at leu tesperaturo) polyiasrizatioa imdcr 

cetion cf icaizing podiaticn can aloo proceed by earboniua&- 

141 

— cochDBlcn* Shus AoDoAbhin ©t qIo * hay© denonc— 
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tPQted this fact by copolycartzation in tbo systeiEo: isobu^l- ^ 
ene-vinylldeae chloFlde^ atypone-ragthyl icsthacpylntep iaobut- 
ylene-atypeno. Recently * tfce pea alto Indicative of* poo- 
slbility f*op the reaction to proceed by a carb-anioa o^ch- 
anlsd have been obtained^ Acrylnltrylp nhlch noleeuleo ccji- 
tain an ©Xectronegativo groups is polymoriscd under aotlcn 
of* radiation ts£ Co In colvents containing nucleofiXiG 
Quhstltuenta (^ogo triethylaoin© or dir:iathyX^opt2aisido) bat 
io not polyEsi?isod in th© coXv©ato coatainiEig; electrof*illc 

(©Ag. ethyX chloride) « Oa the other handp In ethyl cblo* 


rldo styreno Is polyiioriaod* 


r 

Ib th 


the table 2 tho data obtained 


by A«I>oAbhln and eollaboPo are represented CGacerning polyE 3 ffl— ; 
sation Off* acrylnitryl in a various solvente at tensperature 


-78 C under eff*ects of 


' T - 


radiatlcrw 


\j lO 1 


iaones:3r 


Styrene 


Acryl- 

nitryl 


Ccneentration Polysisr i za tl on rat© ( qoI 

of monosiep p 
mol/l 

^tSyi dytEethyl triothyj 
chloride forizaBide aumlne 


in 

bloeh I 


1*95 


no polysierlzation 


3«5 no poly- 

morlsotioa 0«97 


0«67 


0.21 


If oopolymerination of acrylnitryl and etyrene in dlmet- 
hylfcfpc^imid solution la carried out at -78® C, the reaultlng 
ec^olyKsro have found by authors mentioned p to be highly en- 
riched by nitryl ccnqpoaent in comparison ^th original 
r:al:stui?e« All thee© data are indicative of pooslbllity to 
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V 


ifcaiaco e5* aotlea 

cS* ieaislciCi i?cfiiQ^Gziao 

teyooMcatilcri crr^lcjCiDniti cf* ieriislszas i?GioLiatS.ea l?e^ 

^a»e7?aFQtllC3 Gif p©2^7tio2?o bvq scvio^ cel©©- 

I-CS 

^lofeOo S^GOj> Vo Xo £pl "fecy Q Oo sXo bsvo ^£3© 

EJQtoatlaX peoGlTblll^ gj? po^l^TCGiPlcatlce caf pSs® 3 i?b© 3 itpyl 
e!J22.G3*ieo czto oXcQ^pcn pcdiai^GSo Ib lo of latoFOofe %£>Gt In 
l^a eaco pG3^^:?62at^Sl€n ppcsoofia cn3^ la ppoeenc® ef ©aj^coao 

Xd 0SC2 5*lpot cvoOcxa'^lQ iH^eotlGstlcisQ ©fS*©eto c^ ■ 
PoMal^Gn ea poU^Tur^p c;:atop<lQlo uspo eai-plod ca^; VoAoSapgls 
uata eoXlobo ©Grz-joipniDSo cclnXyp ebaos© cs? mopc:©- 

•r^ebanleol pi?es& 02 *'aioo €5* Ippcdia^ic^ cratoPlaXo* At ppoeent 
lc?70otlcptlcno In t^lQ i?lold aP 0 boin^ earploS cat a msElbop 
cf? c£?7lot cclontlot3p (8o3ol!cdvcd©Vo BoXoKflppovp ^SoSoX^actap&lnfl: 
DoSsoTcotXlOo BeAoSXe7G!£::otc?7Qe AoBo*?anb 2 :aia). 

VoLoEaEp©^ alo ^ ©fS»oet raOlatlon 

ca troplesno pol^^tiop GnbCcas^oo o ^©y eci^lcgreH^ pafilatlca of 
(SilS^GPcnt lilE^ IneluSicis d- ^-PQdlatlcn cf paflcn 
cn^ ppeScoto cS* Ito sSiolntogpQtlca^ '^•padlatlca of C©^®^ 
foot olcetPGD b©ac 3 o nisod lippedlatlca of nacloap FoaotcPo 
2 t OQO foasd that all poXyESPs ean b© ©abdlvidod into tuo 
ppicGipai GS^ot^Go pol^rnops of tb© fipot s^oxx^ ap© ebapao- 

toplGCd Ti2i7 ppcdcnslnanso cf doQtPuetiea ppcseosoo^ loO* piap- 
topo cf poi^TtiDp Qbaiao !E2o polycaps, in oSiicb undep aetlon 
^ j-iocoQPGboo in tbo fioXd ©f Fadiation cSssniotsy cf 
pcayrccpo bad boon bognn by VoLoJCappop la 1947o 
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PPC3OO0 €2? ©J?000»linISlil3^ PPGdlCSlillSQlltiOOp 

cr? ®£>c:2i©QS. botucGB Gaepc^eloenlosj^ eoi^tltat© 

Goo ovcln1ilc3 d* polyniopo isnsaop tppadlatics uas stcsflle^ 
t:S7 VoLoIlFii?pa7 alo Qswfl Qc:;:© ccsslnsic^ao ocacopalEis 

c:oet:<:)Eiic!3 d poaiaties c^aonieal reactica ia polyEapo uopo 
‘SctocSo 2 q ©Qco d epoos-liinrdLQg pbS^^PO tSso C2aJ®2? papife 
d caa c37o1vc 5 ao ^apo^oao [pao fcp iastaasoe, ippadle- 

oiczi d gaQ Gvol^e^a ecataino ©f feKyfipo^ ; 

GG?E:io "Sb^o ecci bo eedipratlea d CHSGootiGa that th© 
ei?coc>aiDtd.t 2 a ppesGCo paosoc laioFciodlato otac© d ' 

£*ce7catac3 ^go pcdaeslc T::27 pcptopo d C^S bcadso Z^satP^astica 
d rol^Po ao cbcopvcd in all eacco tSioa caia chaia 
c5* coos?cioDaGco3.G Cdsbaano Qtiatopnapy eopb^a atc^iiOo Ifcidop 
to?G1^0taC3 d C:aG]:S ^o2^P0 tb© GVOXvlHG eas lo iE2?07©FicbGd 
Xq byd 2 ?C 30 ‘D on^ coottGlOG oc3oa<iEopQbXo ano^at d ccs^casdo 
j pocrolijanc dotaeMoa d oM©' gpcmo at qiaatopaacy capbcm ; 

I atc^ . ! 

Eq tboap aopootacss^i^o ^oLoKapp©^ amd KoAoSlovoIihot^^! 

cc^ltjca Uiaoly qpoetPQl irothaao^ ^ thio tochalqao it feao I 

bcoa ^* 0012^2 ia tb© cac© cf pol^otEsyloas that ipradiatiea y©- 
ooXto iD G^atel daoQppooi>Qi2©o d vli^lldoao dc^sblo h<j::2flo» 

Dopo pFQcoat In th© c^igiEial EzatopiaX In a little aiaonato 
cg 5 5»0PE3ta©3 d Eiou ^cEihl© bc22^ d the tPane-vlEsri type 
es^cgato^)© PcpEzatica of* th© ficslhlo bcsfis io alco 
cbco3?v7cS ia ^© eoco d ^©otPaetlBg pcC^^po^ [la polyloeba“^l- 
©siio foPcataGa d ficdhl© bonds pPcssodQ in all pptfbabili^p 
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£‘ollcaiiD2 ©t^otpaotlca C5©©ciif- 

tey capt3G3 Qto pp.Olcal follooiag aPlce©* 


C2i, 

I a 


ca, 


3 


n 


caC 

(ki 


«Cli • C - B* 

1 

CE^ 


S 


BocGCico Qtiepic tlBiio psdieal cnaa©^ form. 

GZ?©00-lil2llo lES^OPG^OO ftiP^OP dQQtPiictlcas 


I o 


S - G - CH cC-CHg 
I 

CH„ 




B - 


G2„ 

I ^.0 

c - on 


cn 


Al 





CBg CB3 


CH„ 

1 2 

C - CH 




OH 


^ CH 


3 


CH 


3 


rfenJlria^Gti ef ^as tolpod t© aioec?70P 

12:^0 ^GCoMaFltloo €2? lato?aetica ef Ippadlatlea polyc^po 
©I57C03 aiP. ppc^OG© feao ’bo©® to bPlBg abcat 

f'esFcatlca e? esi-spctspo tia© pol^Po Aaotbop pSi©B<CE 3 a®ffi caf 

^ ^ CO *1 Rit 


150,182«158 


Is deotpo^- 


liat;o:?oo 4 &>catr7C& 'by ■V.L.Knppow ©t © 1 ^ 
las ef eelotalllBity la polyes?© tassdoi? ©ffscto of 
UC 3 cf C©®° cs? fsQ^j.olscfcpcsa. Eisos ps-oceBOSs dgp® c'bcepvefi 
Sia <2r3 eccoQ e? poSyotbyloas# gattapspcba# co-polyesP 6^ vli®-! 
Qt 3 lc?lCo vls 5 ?lldoaB eSalffiyldSo polytotpafXaoretlayXeBO ead 
oes3 eOIioy esyotolllas polyaBFO. 

loY 

VoItoSaEpo'^o ioAoBleiroafoia ©« el. » by Esano os? 
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“oj^oe^a 

olcctpoa cpin poqc^eso s]>octPa ©f iP 2 ?adiatcd pol^iE^lefelojFldo 
lioy© ppc?7Gd tiJiafc tJ^.o prci!^*c?iHid cSiQS^jOQ ciiiooPVGd ita ^io 
ial GEdop GlGCwPoa lj?Fafilati©3 coaoist; cSiiGfly la splitting 
l^dpogca clalopl^ ead fQvuratXon of* doablo 'b®nd^ Oa opinica 
Gf tti© atatEaopoo ^’pco padicolo ar©' pocpoaolblo ©Siaiag© c? 
eolcroi? la polyvl^leS3lcK?idQ UEdo? o^^cfcto e? padiatlea. ©aolp 
availability la tba ippcdlated polycop baa bcoa ppcfvod by eloe- 
tpca cspiQ PGOCSiasao cGtIriCiao ^oli? eczieoDtpatiGa baiBg doepoacGd 
oitb tiro p 2 ? 03 i?ooolC 3 o 'EjIs fiess’caoiag ia cacccd by poecsijiiaa- 
ti©a of tbo Pc^aicalG ia ovaoaGuCd polyEo? ciniS by iateractlea 
c? tbo Fsdiealo ni^ ©lyooa? £»oGaltlBg la fopcatiea cf popoxito 
pcdisalG 15* esyc^ lo a^allabloo 

, lBSc>n^9 ^ 

©io pap©*?© cf AoBc^^ofeaaa ©t alo Goal vtm ppo- 

blc ::;3 cf olael(- 3 tlng pcGaliapltiGo of padlatica dGOtPtiotloa 

c? pcaycGPOo Sicy bavo osondncd tluo effoeto cf oleetpoa radia^ 

tiea aad blc^ tcr^ai?at©pc oa cLcotFuetlca of polytotpaflno?©- 

tbyloEtOo polyEstbylEiataepylato aad polyotbyloneo Tb© anthcpo 

bavo dbtaiEiC^ obaiTp GbascP 1 b z?atQ of gaa Gvoltatica Badep 

iypcdlatlC3 la cappca tcirpopatapG PGglc3 ubop© ealtiag 

(acftoolng) ef polynapo io cbcoi?vc<3<, 

Eio pboaez^oiin of erGoc^lioiilag la polynopo ep© In f ccixo 

(3f attoatlca ef ocr^iet ebcnicto Qiao© doe to this ppccooo 

tSso coot Gf polyciQpo acqcilp© tb© valaabl© pycpoPtloQ® 

EZ 3 cbQnle 2 Q of cpooolinliing in polyotbyloa© bao boon ©sarsiecd 

16©ol61 

by SpSclf^vGdov ©t el. • 'Rs© tecspopatEi?© dependence 

ef eycoc^linlilng In this material liqplleQ the cro8©-linblng 
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■feoics poooltca Oloiltotiocac tloteetoaft c? too bydpoeaa atc:33 
In a otn^G p!?lma2?y aet ?pcn too adjaeont naepoaolecalea* 
^'voVoVeovcSoUy et el<. bovo osaralE-od tss? noons c^, 
ESS-E^tocd too fosioatiea ©£“ fVco padloalo la iPFafilatod p<Slj7-* 
otoyloBSo EaSieels of too tisaSo (ef alt^rl and allyl types) 

, £save ^!©oa c3)corTOa In tos-oaiatod polys toylono. Eio otaTttlXJ^ 

; cf tooce ncdlcalo do diffopcnt li:o>247teS <^*9 diffopoat EsctoSlea 
ef tooiP pGoctolcaUon* Cn oplniea of too antoopo ^ pee«c2>i- 
n/ ' naUcn padieclo Beec-nlatod In eeapco cS topedlatlca sarKi 
play an toscptoat papfe to ppcsoos ef cpeoo-llnlians to poly- 

I o^^ETlcno* 

i la s’GSQBtly ptaiblicSica papoi? c? SoSoCc:3'v7eaGV al<» 

too ecnolGolona ef a ceaaldopa&lo imtopoot Isavo 'booa aedeoea 
! ^ ecnsopntoG a ppetcstlcn- effect cee&aBlGa ef Isoastoo pIbjJQ 
! la podloSyoio cf polyo^oaeo PolyotypoEe Is taeen t® teavo 
I a blDiJ Pafiiatica otatoillty* Xa too easo cf polyotoyleao fes>- 

! catilca of a alnsla epoae-Xlnli poqmlpos 86 - 3S e.Vo, tollo 

i la too ease ef polystypono SOOO - 3000 o.v. aPO necosoapy. 

Sastoa ea tovootlGaSlcno ef pedleilyslo cf toleono® lateollcd 
I CoatoPicn too aetoopo Siavo ©caeleflca toafe too fislcJi padlc- 

I tlca oto^lUty of polyotypeno is lapgoly cansed 137 dloppo- 

i p(E?tlc 2 aJ;ac 3 poaetlcn cf pptoapy padlcala oito cyeltoosadlenyi 

I 

\ ® M too padlelyslo ef tolnona toe padicals fopnsd Jsavo 

\ a otpuetnpo oIesIIbp to toat ef too padicals aplelas ia poly- 
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1^0 padlcalo scloiEji^ ia tCio pol^rccp Enaoj. ippafliaticas • 

m - cHg^ ~csg cnQ^^C!^ -CH - ci^'^^cag- ca - ch 


GyelOcsaiSiLoncrl 

PEdieol 


rodSoal 


. 0pltQ5.C3l 
CDlceoloQ 


^ScLdctsBkia Dind GoPolHc::in207 t^o csaizalnod ^ 

Mca cpcso-llcilsin^ of vtsleoalsatoo 

pont2lfeaE3 SGSimoteEt-e cr-c blcJj otecoglffii oeS poolotecoo fe® 

£1t?ooji2Lsrj ^oa cl5i^aic.ci2 by ccEVOQbicEal co'SbcSOo Ba&lc» 

cacn eijc^aeal GPcsc-linliias (voaeanlsafeSeE) cs? pooiDo lo cq 

c? .pocoapQb o? .\,s,Eei=3icr:Uy„ ^:^S23=:2r^455 V^USsrpm 


^Scm% Gf .pocoapcb a? .■US.EcEailns’uy^ V,&„Kas>p<sp 

ToQoUilsl^ilEin ® ^ yaleaaisa^aen dilf^coToa^ 

pooHdg tioa tDoon eota^lio^o^ *^0 ssati^e^o caa “bo a catJicd 
Gf ppopapQ^ica Gf pab^opo uit^ coo valoablQ ppe:^pt^ 0 Oo 
aoiioPavlcvao 3®EoHQflte7o-BoSo^Gemc EaavG 

o^doaco that tbe ioo qppcai^ PCQ^etlcaa® loO© 
pcoe<iaca ^ epo3c>Hs2lslc^ ad Uiat ©f ^o-(^fc< 3 tS.cn cdop eetl^a 
c? i?c!SS.at&cn cn^ pol^aioldoo ppGooc^ GlsnaltscocoaS^o sctbcpo 
bcvo Kcecrplicbca ecz^iccd invootiGt^tlGCG inelda©^ ^o ebacGO 
©f cocbooleal ppcpoptieoc go ooll ao tbG ppopoptloo cf tbo g©1e>- 
tlcnoo ^ ebQCGO ef E:olceDlap ooic^t acd csloeolap oolc^t dio- 
tpatatlen ftectloa cf ^o' ippadlatcd cntopaQi*. (^lo cosco 
uCv,37 Euvo ccoGcctliod ilB ©f too pqpq13.o 1 POao* 

tS^cno €zf epocolioliiia^ ad dodtpcotlcao Mcoo^opp tbo epeoo- 
2.0 a ppcdcdnact ppoooco ad ^naleonisatSen ©f 
■ C=i^ao M on final poGQlt ©f ippadlsUea ef mo catop&al* 
CoocnO' l^-G0ti::piMlcn3 in ^ 


Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 


in t!:o ecn?co c? <^015? 2j?PsSip>^©a siGOC:^* 

piac!:cS trj ocv^lot caiontiot^a e:?o e5" q eoiaQlSopa'bl© iBtepGQto 

ioo 

Yn«8oSrCictipr25£i ole brrivo oSsaaso df* CDd^anleal 

ppc^opliloo Gl? (31£j?c?s?on^J pol^TciGPo 2.0 c©3?co Slppadla$i€3 

EnaloQp pcGGtGS'o Dovopslblo PodiGtiCB-cac^aleal ofTec'^ 

/ 

2li3!TTO tDOOB G^JCOITVCd t^O Qppoap Ib CC52PCO 

loOo cI^csagG G? niGciaaBleal pPcpa?t2.G0 awpeaps in t!ao tica ®f 

to?GdilaUG3 Qssfi dicappcGPO sf*^;op ippediatiCB liQo boon oteppe^ 

Bcn7CPc2.’D![Lo g!;qd;;3;oc 5 in 02C>»pGBO^pabili^ ©f* poi^7TZ3Pb in tl::3 

tiino G? Y<»lz?padiQ^leB tiavo Tdccq oscinic^ Isgr VoLoSapperp 

©t Qio o t:ao 1>CC'3. femd cj^ob tSso Co^ sonpo© g? 

io pat Id CP ©at ttio pat© ©? gao dli^olea 
tc!li?Ca{>D pGZyCGP GDQoP 2>GOO Q Cfecjpp G!!liaEL2®9 f?PpP©3fiSSil2L^ Qi*tOP 
iri?B<aiatica tSse vaXaoo aUll pea:aining 

Es&c^op tbat t^::o lattep© 

YQoUoVopcISavc^a GoYao^aoilioVe VoLoKoppo^?© Ya© SoItQSQpm,n 
2oYQoP0tP©7 r^GVG otadied icetepo ©xe^asG© hQtvcon 
dc3tQPiiz2 CPO dilS^f^cpcDt ooiaa polyrGGPo ia padiatlea ^ield 
cf* Q DCGlcGP pcaetep to ©sasaiDO t^sot^op fc^'dpogon Ypcg gacociao 
pi^oo ©SD inr^XGated iato poi^Ezop czoiGonlos ia cogpoo csY 
ippadioticao PolyctS^yXeaG oad poly^l^SPYXone have beoa ppc? 7 ©d 

T 

. t© tPQp t!^o C3ot amomt tliydPCGea ia ecs^aploca uith otSaep 
I 

1 poJynnpo GsassiEoao pato iaotop© exchange Is q®p© olotj 

j to t^o eaco pel^ate^lcne ana polyatYPens* ©se Gatfecpo havo 

j QCGGoatod t&© tQtPGsicD cf doatopicsB is CQaaod by pqqo- 

< 

j tlCD G? po^ynsp padleslo aplstos gs^op ippadlatiea sad 

\ 
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^ D 

4- ED 9 QEid oo ca 

UcoD Gf looted ©scliaGGs teefeniq^aa In uldo oeale 

i aoalet to unfiopDtand mof^Q coa^Xetoly cschaisilQQ cst 

i 

i |>olyE23ff Fadlol^8i©o 

i * 

Vo aetn md pg:jt,ragy 

g^\onjl.naX T^v?o::*r>anon ^ 

2q all ^cz2iLoat tFoaoToFnatlc^o in Ippa^atod catociaX 
olcctpcnoo icziCo oaieitad tsclectaleo and fpea Faflic- 
qIo (iiaelccllEi^ etenn) ofo S^mrolvodo Sj:!km^^iepticm 
t^coo iPFc5c3to lo el? a olcpliUcaQt l!!:3>©FtaRCo oXesato- 

JSf caatsmaaca g? i?Q€liQtlC2sp-<2iboD2.€aX FOQCtlc3o« ISaio 
j)i?c^lcc!i io ooXvc^ caasiG of e523Go opo® tFC-ZOtFyi^ QXoctz?G2i 
opla Fooeaiar^Oe otOo 

ivi 

VoI#o*I?qX FC33 anS EoIsoI?i?QyilcovXcSi csgs 

cpo<5^e:aGtpy toeEiniqea to Ita^oatlGatica of pyedtsots fceiaad 
G::::d<3F oloetFca inpacto ia ocaio aiGg>l© Inopganlo and epgaale 
eeG: 3 >c^E 2 do in fpeamaD ptaacop laovo fotmd that the lon->!:^O 3 al 0 
FOactXcao. ples^lci*’ aa licpoptaEO papt in pplE^apy padiatlon- 
-chcGsical pFcooocoa eaa gjl'^© and tod padloaloi 

if ^ m — ^ E 2 f’ ♦ B® 

if «■ ♦ (a*')® 

K3iQ p^ioacGsaca hao bo©a ohsepvad In ssany ppocesses In vapessp 
pISjaGojacslts^ES ♦ HgO-*HgO^ «. Hj CH* «. HgO-^HgO* <y ca_j 
®^S ^ ♦ CgHy 9 e1&e«j 
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pap©? VoLoTai’Pcoa liao poia'feod 

i^GPCa^lon cf tjrpe traps uEdor Irradlatlesi (©opoclal- 

In tSao caC 9 ©T iiydrcjja'b^ao) can play aii Ic^ortaBt part 

radiAtloa cJionilotpyo 0Edor Irradiatlosi e? caturatod Isydr©- 

ca 37 bCi 3 iQ eea arlco ttsisaturatod ccrpcsads ead Tvqq radleaXs 

Icdisatleai potsatlslo <£f u25lci3 aro Icner than thoao odf ool©- 

cqIqq o? crlgiool oabotasusoo Sach ecproouado and radloals « 

©an aet as p-cod ts^tipapoo lacroasiE^ cf anoaat ot th© trepo 

la eczdGBCcd praQCs eroatoo tSso ©cndlti^^ws ©hlcb favcar t£iO 

prlEiClpal ©Xc:zcatary presooQ eoHislotisas la p©c<^:^lBatlO!3 cf* 

*’plQc<-olima'’ pair to l 3 e ioflBoascd ni^ an adjaeeat tvoe valcc:so, 

Cm 3 c5* tao rcdlcalo ar loins reocnSslnattoa can add to l^ilQ 

£*s?oq volonsoo tDiO prct^ablllty cf latter prcsoQO bolage pi?a©- 

tlCQllyo oqaal to tbo mit in tfco caoo o? liydrcaapbca cyatcsa* 

eroat latoFQot Is ezpleyorsnt 65* pnlcod Ippadiatic^ 

S*C7 CDQDUTGSizsat FQt© CGnotants Ica-colecnl© roacttCwio 

CcnDlalns poXcod lippcdlatlon aeid coos cpcctrcr^try teetoiqTao 

173 

VoX*oTq1^fooo and B«LoPi?QBSovtc4i Ubvq doterolttcd pa to 
ec3Qt9Qto f*cr tbe £*o11©o1e)S- roactioaios 

CH^ ❖ ca4 CE3 «. 0% 

HsO ♦ %0^ ^HgO* <.03 

^ . -U. 

M 370® K t !20 pato ccaotsat ©i* tbo foresp is eqoal to llo^lO 

coQoq tSaot c5* tbo latter lo ©«5«10 ec^^aolicoo© 
at -CIO® S« 

SpHoTcsaitotsy ot al* sttadylng diB©c«lattcn 

€5* patSiGF laPG® colGcialoQ uadop ©leetpoa Is^acta ttalag laaco 
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Gpec'tronislry teclmicitLOo Ejraslaa^lca tsT Eatss g^oo^e*q c? 

174-17© 

otod hydFocap'bcMls ItsdlcQtod ^Et3i?oao1lQ0 ^ 

balogoce a tern qaaBtlty in the moloeulo th® pe? ©oat Esol©©- 
nlaff ions In ehoq spoct3?a doepOROOS® ^o 0 Ut^<^o h^v© &la© 
found ^ that the moat ces^lot© ogpeoisoat cd? ©alealatod 
and oapopliEontal data tatco place tshon oppposiiojatGl^ ©qtnal 
ppc^ahlllty cf fPagEOQt lea fGG?E::atica fpc3 ©voi?27 pa^t cf esIo©- 




• V 


ttle Is BTOposod. Fop Inatanceo In eooo epootPina of B 2 ^acaana-S-C 

^ 12 13 


13 


ions 




8 


/.^•2 -2.3 

c c 


sad Cg C 


havo hooa eD3coi?ved 


in amennto uhleh qp© spppcoilEatoly oqml to valno uhloh coa 
bo eaXculated ppceecdlng fpo^i tbo «GOEc:?tl©a coaticood obo^o© 
Based on asalyolo ef isaoa Qp©oti?a oQ^e^o hsvo pPC^GOd 

.'■ '--f. 

the foX|;ca3ia3 CQhcz3 of lapgo eoIoqqIoo dicGOOtatlcair 

/O 
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H-- C — C 
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VFO 


Quit© pesently V^LoTal’pco© and BoI^^Ppontsovieb haiTO 

CQPPled cut a ccs^apatlvo isavQoticatiea ef indaeod ol©cti?tGQX 

conductivity end hehavloup cf fpoo padiool in Ippadiato^ 

oolld paraffin* '^©y have Gsasupod ccsiduetlvlty ©f papaffiQ 

lppadiatc?d at 77® K in the tic© cf ’’annoaling"* In tM .0 ©aco 

a copt of ”flaping-up** csf e<K2disot&vlty bov© besa dlCQC^TOpotl 

(Pigo 10)o ©JiQ phonenonoa appoapo ao follcpjo* At t€K:::3>©5?atta?Q 

^J^diffoplng by ocEo dozens dogre© fpcsa tfe© toEpopstup© 

®dapk** conductivity talie plaeo^ a coaoldopsblo EnmaiteSo 
A 

’ ■ ^ condGctivity Is obcopved* A fnptbop iEOSPoasiBg cf 

„ v>v'y 


40, 


.# . Ip -.u ■ . 
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Ms* ^ 


teuPe the. rcdacsa to -teph- caadBcmitr. E»o tl«o- 

-te£^j«n?Btapof^-flajPl^ Is eolaeldsat with the Feelem 
BhoFo aoeroeotes oT BSB-slgnaa Is ohcap^ed. Based oa these, 
flota the ccacloslca has been dedueod^^^^ foraatloa of laia 

in iTOQdlatod soUd m Uqold ^terlal eaa proceed thpoagh 

ircapcatlca of fi?©a Fadlealo. 

V>V.VcevcdoI.y et el l«a. leo-ieg earrylas «mt i«wo». 
tlmUea e? Fssaicale appeaslas la padloljrslo e^ as-Qaaio and 
l^SDBl© cyotasa bo4b 3 eleetrea epla vesoaaaeo toehalqee. 

J gio oppapatsBs pcraittlBG «b© dbeervaUoa off ESa-epeatra la 
the. ecapse Irpedlatioa alth S^aot electooae has beea cooo- 
tposted the aathei-o leo. ^ ceaiio of this apparatoo 
ESI cipectea ecA radical fcrnatlca hiaetleo have beea stadl©^ 
£30 rodlealo foralBs aadop- IrreffltaUoa of teflea la vaousi at 
lC3 t<=3K3tfatE!70 hOTO bOQB fCEffid tO hoVS a lC 3 ff llf®-tlC 3 . la 
ttfes elF eacjTOTt poroKlda mdleals -CFg - a? - cpg^ 

eaa be stored at rcoa tesgsopotaps for 0 - o* 

[Sa tho eaco of boascse redlcala aad 0^ have beoa 
t© fcea 

♦Hi ♦ a 

Xo poaj?pljos57l8 (dlphcagrl, J^tolorl, eto) abatractloa of 
D-ate=3 aad C33 - eroapa oltoatcd la para-posXtloa with reo- 
Pe«t t® ijhessrl eabotltaaat ooeera to f®™ a radical boles 
eEslcgcaa to 


o • • 


Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 

2© t^ilo i?c^O0 uo hcfvo B©^ <2iLccja£5Q©A QC33 o^es» ‘bs*at^ 
dJica €3* i?oaaQMc3i ciscslol^ ^lbTO3.(^iB0 .la tJS3P. . ©ao 

^ISQ^aCSOo d<230 eogr ^S^cc^p'felca C? G^-» 

e? lC3lc&E2£j ka cotsa^otSo ocsa CKral-cijnsSao 

EoKilba:? CscQ ecsrCoto €icE3iaai c? fi©clf^ csf 

tica ecas?©cx3# EJs^^looop me ewIot d^sroa 

ca atoa Cif t£io uaj^o^coolL© ac3?Is ia ttio l?^Xa radiotlca 
lately CGP^lcd eati in l?8S2o 

^^ C2?Q &1D no fi® ^ £ io Bosrt y©QPo GCifi doon^oo esc?© 

cc^ CCTO pccOi? g c^An ^ga oc3g©3o ^oa et^ ppoacsa^ Blli feo c^tbII* 
cbSoo Ge©Gic3i?Q^C3 Iq g®2®3 Oo 

i£^;^Cvo^l Cd!/ ^e7 ^327i> F^^^cs? c? BaeJLca? F©act»c?o Lo oXoo 
tecjo "bcoeiiXJQ tSsGB F®C3ilt>Uo to 6i^)^ato css?© and cog© 

QOOaTO ^a^B%03 <£? GP^iUPiclaU gcMeoCtlTO IcO^CSJOOo E^qp^ 
gc^loaccd ugoodca cnoUcco ^Acole:^jaQo nna©?^tedS^o b© ©cod 
to ^1^270 £c 7 coo c^^icoacax s«?c^sdg0oo ^ b© pat la FJ?Q«ti©3* 

/ax ^Sioc© CFC® bi7X£S3li F027C5FC3iiavo l?cp iTcdla^ca 

^ ^ Eso^ pg©S57ocatoo bpaiaii^aoQ c? ESd©i?Q |s2527s» 

AcaX d:>c=2lo1^ end q^olaX ©Sxrzacai oadcoos^lao# 

DiK^23C3© c? c3lcnl5X2^© ocoeooc©© Qc2ilo^ed to toXs io» 
FS?toat^ fiXeXfi botex:® coXcnCXoliQ ef oXi^opcet ecantoXoo oXXl 
S!!?«ncoto ^ fBP^i-a? pposgoo© <s? ©bealoaX GoiGoee mA ito 
FXlcaMeaa to latepeato ef \s^©Xe 
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v.VIIp CosIsMralcdatp Elocco^^ 195So PP* 663# esVp 7S7 
(Proo. of l6t International Conference on Peaceful Uses 
CDf Atomic Ener^p Genova p 1955 )« 

9* Reports Presented to International Conforoaoe on Appliea^ 
tion of Po^er Sour cos of Radiation in Industry and 
Chemical Procosseop VHarsau^ 1959^ Intern* J* AppX^ 
Radiation and lootopeso Zo 1959) 

10* Colleetioia ''TrueSy IX mozhdunarcdnoi cooforeatsll po 

mlrnoncr iGpol’zovaniyu ato:mol energll (jc^onovat 1958)| 
Zzd* AH SS^o vol* IVp p« Sll->S79p Moscow* 1959* 
ll* **SbomiR robot po radlateionnoi tihimli** (Collection of 
Papers on Radiation Chemistry }p Izd« AH SSSHp Sioscoop 
1955* 

12* Collection '’Poystvlo ioniziruyusehihh izlueheail ^ 
neor^^anitchosliie i organiches^e sistemy'^p 
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13« I«V«VereQOhlnsI^9 Uop* ZihiOop 80 ^ 26&( 195l) 

X4* S5«A«Proslcurninp V«B*Ore^ov axid S.V*BorGlhOp Usp* khlnu* 

* • 4 

2 &, 5&&/ less) 

15* 8«Ya*Pohozhetoliy and H.T.XMtrlevp Usp* Khim*» 86* 735 
(l987) 

16. A«IC.Pltcaevt Dap. idtiia., 89 . 508^ 1960y 
I7« L^ToBugaenhOp T«S«Hikitlna» A.N^Pravednlkov and Yu*M« 
!2aXinoliy» '^imicheokoo deyotvle ionizlruyuechlkh 
izXuohenii** (Chemical Effects of Ionising Radiation)^ 
Izd* AH SSSRp UoacoUp 1958* 
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S3* a*A*PpooIiuFnln, Tbe Collection ^’PFoblei^sr flsleheakoi 
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vosehanlya po Fadiatsloniioi khlmii» Xzd« Akad. Naok 
SSSR» ILooecrsip 1958 1 p*39* 

85* P* I. Bolin and 3*ApBruaentaerap Isotopy i izluchenlya v 
khidii^ Izdp Akad. Hauk SSSK, ifioscoUf 195d» p* lOd. 

27* V.N.Shubln^ P*8.Bollno Doklady Akad* Nook 333R# 135 « 

1293 ( 1959 ) 
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soyuznogo aoveachaniya po radlatslonnoi khlsillt Xzd* 
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neisU SSSHo tj^Qcas^ 1958t, P* 61. 

J 89o AoH^SabaltChlo VoAof^paEcioliQ and V*£!oEpolihlnp Zhupiu Flz* 

\J Khln^p 2149^ 1958^ 

30* S,V*EPGhova and OoV p Vladiislp wa* Atessiaya ©aepgiya, 

V 546^ 1958^ 

V \/ S^AoBpuLQontGvova and PoIoDoliap Bol^Xady Haulr SSSR^ 

193oj 

v/ 52* ApKpPilcsev QEd PpYRoGlazimcTT^ Isveatp Aliad# Naok SSSR, 

Ni OoKhoHp 2244^ 1959 ) 

PoYfipOlasiisaov and ApKpPiliaeVo I>DlLlad^ A&adpNaok SSSE^ 

V 150. i05i( leso) 

\j S4p ApKoPikaev and PpYsoOlasunov^ Izvostp Alsad* fiauk b33R« 

Ob Kilo 940^ X930^ 

S6b AoKpPikftov and PpYaoGlasuaov^ Doklady Akad. Sauk S38R 
(la pp@as}o 

n| ApKpPlkaov and PpYapOlazunov^ Izreat# Akad# ^uk 333S^ 

OpKk«Hp (la ppe3s}o 

\1 37* AoKpPlkaev and PpYao Glazunov^ Trudy Tashkontokol koafe- 

Fontoli pG Qlrnoffiu iapol* zovaniyu atomnol enapgll 
(la press)* 

S8p ApMpKabakckio TSiwm^ flz* khlmpp 30 , 1906^ 1955^ 

V*Ap Sharps ^^1 and VpD, Grekhov^ H*A*J^o8lcuriil]!i.9 PeyslvlG 
ionlslFuyuschlkb Izluebanli na neorganloheskle l ox»-> 
gaalcbeakle carsteny, Izd, Akad, Nauk* Hoecon, X958» 
pp 37. 

40. V.Ap S harps tyi, V.D. Orekhov and M.ApProakurnln, ibid . 
p«43. 
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— 41* Ho A end YaoHoSolotjrp^na ot Sad 

United nations Ccnferenc© ca tb© Poaceful Uses of 
Atcsslc Kaer^o lisport P/S028» United KatloaSp Oenevat 
XSUdp volo SS p PoUS* 

42* VoAoShappatyip A«A«Zenoolchovn and VoDo0re!cb07p ZhoFn* 

\l flz. khln, 38, 16S6| 195a) 

43, V.D.Orefchov, a.A.Proskurnln, V.A.ShRFpatjrl aafl A.A.ZaB- 
eoiibcrvap Trudy X Voesc^uzno^o sovesehanifl po radla- 
tbionnoi khimiip Izdo Aliad« Haub SSSR, Hosoot?* 1958» 
p* lOOo 

44* V*P«Orol£bov» A*IoCbernova and MoA.ProsImpninp Sbornib 
rabot po Fediatslcnnoi bhlmii^ Izd* Abad»naub 3SSR^ 
noseoDp 1955 0 Po 91* 

x! 46i VoDoOreliho^ and AoAiZanBO^orcraj Problec:^ flziches^oi 

khiaiio volo 2o Goskhlraizdatp doaeoo,^ 1959p po 194o 
46# LoToBu^enlcop VoHoBelevslEy^ Vestnib Hoaliovsbogo Univer** 
slteta (in press)* 

47o Ao A.Balandinp V.loSpitqynp LoS.BarBOva and Volol>a 2 henbov 9 
n/ ZhUTo fiZo IshiBio » ^9 756^ 1959^ 

43o Ao AoBalandiSp V.loSpltoynp L«S«Bareo7a and V.IoDnzhen- 
bo\7p Trudy Tasbkentskol konfer entail po lairnoma 1@- 
pol*zovanlyu atoainoi energti (in press)* 

49o H*XoPopovo V*Io£!edv©dov3lqr and N*A«&akh^ Atomnaya energiyaf 

^ 4, 4S4,( 1953 ) 

M si 60. H.I.Popov, Ibid . 6, 7X( 1989) 

\ 51o V«G*FiP 60 v ^9 BoV.Srshler^ Trudy I Vsesoyuznogo soveseha— 

niya po radlatoionnoi khimiip Izd* Akado Kauk 33SH^ 
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tloecou, 19S8p 

inaa,^, ^ 

s.uc«,sai, M8to=5,, Ira. Itoa. 

I358p po 180 , 

M. A.a.iai,„„, Y..p.3».,ai., ..a 

O.H.yolrovlov, Atcirsaya eaopglyap 2, 37 ^ 1959! 

54, A.I>,0ol'EaB, M-Poilofod'eva, A K PiJr»aa» „ 

“AA evao A.K.Pita9v and P.ya.OlaBanov, 

, fiadloidiialjra (ia paeoo) 

M. V.I.c,av«l„«^. E.V.Ea„vator., ^o„xt 

r.b.t JM, ,aaiatola=.ai ittirai. i„. atoa. 0,^ aaaii, 

Hoocotj, 1965, p. 71. 

6S. Ta.i.zaiti„a and V.I.Vaselo^rsW^, IMd, p, 66. 

67, rn. I.zamnd and V.I.Vaaelovaay, D.y,tvle lonl.lruyan. 

chllih lamehonll na neorganieheafcle 1 ox-ganlcheaiaa 
. slotomy, Izd, Atad. Bau!: S38JI. Boscoo. 19S8, p. 66 . 

68, Td.l.zaliand. V.D.VeaolovoSy and G.2.0ocI>aUev, Tandy 

I yeaeoe^uznago aovoochaniya po radiatslonnoi 
I2<1. A2sad, Baals asSR, ttosooo, 1958. 

69, VoI.Veoelovelsy, IVotoles^T flaicheoUol mall, vol. i, 

GoalchlEalziiat# Hoscoup I953p p. 73 ^ 

60 . V.I.Vaaolmra^j Blato^laly Oeabdunas-odBol kotfoPontall 

po njiracca lapol • zcaaniyu atocaol onepgli (Zhenora. 

1956), Ooamalzdat, Moaeco, 1968. p. 727^ report 
682) 

81, 0,S.Gocl.allav. Ta.I.7Alfcl„d and V.I.Veselo^aHy, Dolslady 

AiKjd. Kaol: sssR, 1S8, 872( issoi 
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68 o B.VpKofecallBao Po3o2>olla and A«H*PF«is!lln» JLggg , 880 * 

{issoj * 

6 So 8 oBoL©vl 2 ia aad ToVoKalletop Ibld^ 130 « 673^ I96o) 

64# PcO.Bolia and VoIcDtazhealcovj Trudy I Vseo^cimogo ooveo- 
chanS^a po radiatsiormol IsSilmilp Izd# AZiad# Hault 333 S, 
EoecovJo iSSSp p# 135« 

6S# HoNoPoUlao ToVcI^atveevao K#D# Tessa ahov» A.V.Byal^zhaolsy 
and V.D#Val’Ir©Vp Ibldp 160# 

66# A#V#ByQlobsSi 0 st:y^ Dolilady Alcad, Kauli 333a^ 110 » 615^ 1958} 

67# A.Vc^alobsSuosl^p Zbur# fis* bM©# p 33 # 1856^ 1959^ 

68# X oloHoson^oXd and EoKoOsbo^ Tpuii^ X VcoocigrttEEiogo ©c>v©c** 

ebaniya po iPadiatsionnoi bhiellp Izd# AHad# Kaulfc SSSBp 
Moecc^p 1968p p# 156# 

69# I#LoH03eEi!5©pg asid B#K#Oeh 0 ^ Dolclady Alsad# Haulr 33SRp 
1S9^ ISBSX 

70o YsolioKolo^rkittp HoYaoBsmo and 6 # 3 #TiJtiiFi 6 :o 7 j Tj?udy I Vqq^ 
©oyusaoG© oovoocEaanlya po radlatolonnel Isblmilp Izd# 

Alsad# Basd: SSSHp Mosco^p 1958 p p. 143# 

71# n#ToIfeltpiQv end S-Ya# Pobozbetslsyp Bayotovl© ionlsiro. 

yuooti^Kiv izluiisbonii .* na noopganlcljoslsl© 1 org^anlc^do* 
tie QlstOEq^p Isd# Akad# Haul: 333Rp Moecoc?© 1SJ55# 
p.p# 145 p 171. 

72# M#T#I) 2 iitPi 0 V and 3 «ya#p 0 Si©sSi 0 tG!jy^ 2bas># fiz. bJatm#, 3 ^ , 
■3iS3( 1969} 

7S. doT.EaltPlev aad S.Ya.Pshezhetslijrt Ibid* S4,« 88o( 19SC^ 

74# E5oT#Ifc2itPi©v and S.Ya.Pahos^otsHy^ Atosmaya energlyap 
69/ 1930^ 
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V 7&0 H,^AoBi 2 Ei©QVp loA^l^aonHicv^ S.Ya Deyatvlo 

losLlslf^yaoebilib Isluchaiill na QGO?ganlobQakl® 1 of«» 
choose QiQtos^f . Izdo A2tad. Rauk SSBR^ ^oooGOt 
1963j> p« 129* 

V V 76® IIoA^itoGeva SoYaoPdhosbetQby &Bd loA^I^aanikov^ Ibldg 

Po l3So 

77<» S«V *Bol • ohisap SoYooPelsos^QtGT^ acd I.AeJ^aonlkov^ lb Ido 
po XS2o 

78b VoYabCfeQS»aylsbo SoXaoPsJjazbotol^ and OoSoT^asikovo Ibld^ 

Po ^IQo 

V 79o VoIo^itsyB-o QoJ3oPlpogt>vao AoKoPikaev aad PoYseOlazimov^ 

^ Bokla(3y Akado Kauk SSSSp l3g o 406([ 1950^ 

80o AoSoBabepkijij, noAoProska:?nin and VoDoOffebhoVo Doyetvle 
loalzlFUsyucGkikh isluebenli na noopgaaleheakle 1 of- 
\ gnaleheskie Qistocyo Isd* Akado f?auk SS^o Hoscooo 

1958o Po laSo 

81o AoSoBabepkiao BoAoPPoakupnlEi aud VoDoOpekho^o Ibld^ p«X03 
^ 82o GoAoPPOskispfila aiad Ao^oBabepkiirij Doklady AZisd* ITauk 

^fs/ 121 p 492^ 195Bj 

\ 83o AoSoBabeD^kls^o Ibld^ 126 » 591 1 1959^1 

M 8<So -VoVoBoldypovo Yg«> Ao^lihapov^ VoloHpoahkln end HoOo3oko- 

VV lova© Ibido 12 9 o S35^ 1959^ 

B5o LoSoPolakp AoVoT^cbi©v ard HoYaoCboPuyako ibld^ 119 o 
\j' 307^ ISSsi 

j S3o LoSoPolakp AoVoYopohiev end GoYaoCbepoyak^ Fpoooedinga 

at 3nd United Ha tl one Confapenee an the Peeeefel Osoc 
at Atcs 2 iG ©nQPgYp Genova 1958p Heport P/2524p United 
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HaiionOp CS^nevap 1958 » vol® SSp p® 135 o 

07. Yti^ A*Kol'banavs^jy^ I»HciCiiatanovich» L»3«PoXali and A«Se 

Scherliakovn^ Dolilady Aliado Kauk SSSRp 129 o 145^ 1959^ 

88o V.G^Berezklnp I.MoKustanovie&p L^S.Polelip A#VoTope)il0V 

and NoYa.C$ie?nyaltp Dolclady Aliado Hant SSS^o 129 > 1042. 

^ 1959 ) 

89o V«iO»Be?0zlsinp I oMcXustanovlehp L^SoPolalr and H^Ya.Cher- 
nyako IMd, -ISl!) 59s/ 196o) 

90^ AoVoYopeliiov^ LoSoPolakp H.YaoChePSSsraltp VoBoOlnc^nevp 
I*V«Verecchinol^ and PoYs* Glazunov p ibidp 1^^ 789- 
(iSoO^ 

91o AcYpTopcSiieVp Lo3oPcla!ip H^Ya. Cbernyafe^ V«E«Olu8hG0Vp 

loV.VeveQcbinaky and P.Ya.Glaauaovp Eepopt Ppesentod 
to laternatlonsl Conference on Application of Pouqi? 
Endintion Sources in Induatrjr and Cbeisleal Proceaseep 
VJarsanp 1359p Into J- Appl. RadiRtlon and IsotopeSp 
7 , 164{ 1959 ) 

92 a AoVoTopeBievp L*S<»Polalip HaYaaCtoornyaEp V.RoQluohneVo 
PoYa-Olazimovp laVoVereachlnslsyp NoPaSyrtoiSp A«Kh* 
Breger and BcI^Vainshtelnp Soueschanie po vaedrenlyu 
radloalctivnykh Isotcpotj i yadernykh izlacbanil v na- 
^cdaoo liSaozyaistvoo Tezicy dokladov* Rigap 1960* p«.115* 

93o HoAoBalshp Sboroik pabot po padiatsionnol kblmlip Izd« 

Akado Kfluk SSSR* Bose era* 1955 p p® 145. 

94o HoAaBakh and 5JaI« Popov p ibid* po 153a 

95o laVoVoreecblGkyp KoAoBakbp Peyatvlo lonlziPiByaschlfeii 

izlaobonll na neopganicheskie 1 opganlcheskie slstei^p 


Approved For Release 2009/08/27 : CIA-RDP80T00246A01 18001 10001-8 


Approved For Release 2009/08/27 : CIA-RDP80T00246A011 80011 0001 -8 


n/ 


\/ V 

\l 

n/ 


\/ 

n/ 

n/ 


v/ V 


l2d« Akado Satslr SSSSj, KoscgiJo 1953 p po9S3e 
£3o VoV*Sa2?2CVQo L^VoJ^Ma aad VoAoI*a3?lap Ibldp 

Po 230o 

S7o BoAoBalih sad YoVeSaFaeva® Zhupo flSo ts2iiEi»p 38 a 209^ 1950^ 
9Go BoAoBaliSi^ Radlatioa ReSo » Si^plenient ^ 190^ 1939^ 

99o VoVoSapaevap E*Ya«I*adygla csd Baa Chan Saa© ZScpo fls^ 
lihisup ^p 759| I960) 

100a BoHoEiilsSiallcyyp LaVoTarasova asd Y«3oBogdaaoVp Bpady X 
VQosQsnisaogo . Eoveschaalya po FadiatQl(maol Is&liBlip 
Izdo Aicad. Hq\ 2& SSSRp Hosccfn® ISSSp po 811. 
lOlo BoU.£2i!dialloVp LoVoTaPasova aad V.SoBogdaaoVp IJaystvlo 

loaisipuGTttDcMlih Izlacheall aa neopgaalctioeliio 1 op- 

SaaichQsIsie sisteasTp Isdo Atiado UaulL 33 ^p SosHo^p 

19589 po 2I80 

IC^o Bon«I!iehalloVp H.B.Kalasiva and Yp So Bogdan ci7p IMdp po88So 
lOSo BoYoBarelliOp LoSoBa£*tacMcr7a and H«AoPro8kax>nlao Bolslady 
Aked^ Eauk SSSE, 74( 1957^ 

lOAo SoYoBarol^Op LoIoKartaohova® PoBoHovlltov anS HaAoPPOc- 
ImyniEij, *£pucly I Vsosog^osRogo aoveachanl^a po radia- 
taionnoi ^iallo Xsdo Atcad. Hank SSSRp Hoacoup 1958o 

po 89o 

lOBo BToRoKmahinalia^a and UoA.PPOQkuFiiin« ^is* trhiOop 

53 . 1954/ 1959) 

ICSo SaAoBatop V.IoHadvedovQlJsr and VoVoSaPoava^ i^ocoedlago 
of* the Sad United Hat ions Conference on iSxe Peaceful 
TJqos of Atoinlc Energyp Genieva p 1958 y Report P/8S93a 
United HaticnSp Genovap 1958 p vol« 89 p po IBS* 
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XWa less} 

M3o noAoJ^cc:!ir::?i2te BoVoDai?ollxOj> Ao^oQEoijj- 

iscTO ai::3 JoKoColoIiS^e^cnTQj, S.tiidp .^VTin p GC3^ 

^Do l?DoS<»nrrz3Z^nS.^&ot^c> OoAoPT’GC^iiciPGiEtij Bo'^onaEoSLtSGo ‘ S«>2o£2o- 

lotSicaova BO!! AoGot3Ilc^G:cva^ 2 VcoocTQcnes® o©- 

/ 

3?o i?ciia.aua3.CGneS, tSbteflilo ScSo Eatsti 

SeSEp i:!s>c:3g;d9 tOOOx, po2C^o 

ISjOo 0oAoDaX!2a CQ^ ‘S^cQ*-<3£i3riC2i’^ Elatali S3SEo 

if!f?o C5>a^ less} 

lllo IBioSoEsGSacaplQtij CoSonUsiftlEa ec5 VoAoSpciaQsasy ©yeffe* 

1 VooocTtiimcco ccTTOOG^^aail^a ^ padiatolessol l5!hteSlS.& 
2sdc> Atxodo Eao!!: £3SE,> £lGC3CGi> ISuOp po S3LSo 
%2B^ VoAoEpcgl^qciis Sl^^oBoBac^caPiaa^ 1Jag70t5v2.G aG3l2i2?t:^£>* 

aslQCl:c3ll aoc:?GDailetiOOIslo 2. e2?GDaiel£eG!:lo 
Gio1k:ro^o Sed© Alazdo Caols CSSa^ nocsca© lG33o 
2JiSo ^oAoS 3?C22QGS Cwi SIXJo Go llano S^g’sI.q^^ 83259^. 

J£2. MfA'?^ 1959) 

IKio VoAoEccajpos cn.S EioSoDac2acar?2.QBo Itslfi# 2i§2« llss/ ISSo} 
lUlSo Po'^oSiE!3llCrv*0 EoVoV©2iXG?7Q aad I»oVoSPQGae<iQ©^y I ¥C€>« 

ccTOGCCgo cc7COG!jGn2^D po E>a(2l0toie:nz©3. t£ate0.o Xsfi* 
AXsado ©20© tlosscao 11953 d Po 2841o 

liSo AoVoSHEto at::d So^oGi:5tr?!i:sutoG’^7D Pas^ot^o ^calslp^BsriicsBillJSa 
Islc^cali 320©i7GsiaieX]i3Clilo S. ©i^^EiiQliiesIxlo olQto;7e 

Sedfl Alxafio naali SSSHo Bee-scao 1953 p p© 2?3o 
in'?© AoVoSllaila aod AoBoVopansD ibldp p© 2G0© 

21l3o AoVoStoa^D S©VoC^ai?c3nte3v ecd A©I)oVe2?lGa^ I Vso» 

ooT?0QeXxciail37’a po padie^lcfsuaol telfflltp Isfl© 
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- DscsCTo ISDOa 2?» . 

1^0. V-oXo2o^Iitoo 0o.Vo£!2>^a2?o^ . 

iarc>©^o SOTj^ccgxcpilQ po TOrtapoisS^m x?cfU.eQtttlvC5?'i^ lc©» 
•1^C7 i srcSoig::?l2i aslGGl^aGni^ v ms^.©toeo tsS^ers^lolS^o^ 

SicPo 2£30o po llSo 

2iD©o EoVoBc^acatiopstiik^ VoZ*2ot!dlma B«0<»^l2©x7tcia S?oHo^llpp©Vo 
p* ZZ^O' 

ISXo LoVoiibPcirs/^p 0oioGsc?vapfilBa qbS KoAoKo^e^m^ S^sttladig? 

iiSEifflo Eatafi SSSBe m%( ISSs) 

3.32o VoXoQpl^oytio Sc^oAfanaoiOvao AoSoPXIiaOTQ XoSoKollU qgS 
PoYQo0Zqsi2!2S?o a.T:>2.dp lZC3i^ 3S30^ 

2i23o SoYoVoBoeaSallEic^^o JjoY«>Kai?pQaSi!iing X7onoSctof3?ZC\7p I 

. VcooQTnoDcao DC?7ccc^t!n2^Q pa rcCila^oSLcsnoi !!MnZlp IcSo 
KdqZi E3S3p OOGSeUp 12)50 p po S<i9o 
Z!B<So lo'^oVcoacetAud^o 2*oSofei?paGSit!sanp aca&sli?^^£>* 

. e!siU^ t^VLChoult ,2ia noQPSG>^c!5oc!2i0 1 c^GOBaslaooIilo ' 
cdctl-cr;7p nacti SSOp nococa© ISSSp p® 333© 

12§o YQoLoCboIi^iteDOp AoAoSeaaos'^OLi^ gdS lo^oVoPooeblaoUs^o 

. B2^::sis<si57 /^2Q(au> naczs sss^p iwqJ 

120 o VoDo05?e!!lli€)f7p AoIoCSso!?noTOp AoEoPspCDtoFOlaj ^gs»q1!s; pabot 
po PQdlQtoleaaoi Is^imlip Izdo .Atsed© Hatttt SSSS© Sooacsr,.. 
1955p po 05o . 

10? o AoloG^os’ao^ap VoBoC^o^gv bw^ MoAoPpeoIsapalsap ZSsoff. fls#. 
ISiasiop ^J, 19gs) 

lOSo YQolacCbGrjSs'^JTaa aaS ToGoEatnoi?|. T3??2^^ I VoQSQEmsnosa oo- 
VGGsiiaBljra po FadiatGioaaoi Miiaiip Is^ A!cod« Hauli 

SSSHp noscoap p* lC3o 
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EjQtSll 8en?p 1059^ 

2i!3o *?oKoI^2.c^g!s:^p Ao©oB 2 q 7 tioI^y ’Spg% 2 Voess^Tasaego cs>. 
vocishaaS^G t?caila^oltn:asa !^2i5llp Xd(3o SisaBo noolt 
GC2Sp noGGC^o- 21850 p Po V?9a 
XSILo Elo/lo^cne!3£ao Eonc£opteo!:QyQa IbMp 21G3« 

2C'3o SoAoQtiCiiCts^So StDa<lp po 2.G3o 
SSSo Bo0«^Sti£^Gsr7o 5LM<S^ Po 180o 

2L24U So’^o^oPocaMsic^ Po^GoCEcGoiasAFp !Baeitoo^otJolL 

tsea5*cPon1yo2il po £2S.i?Ber3 2opoll®sG?7Dnig*|QtciG2i©l oaspsll 
(to p3?OC3)o 

2SSo ©o8o£::oi2^cac?7o Scxjiic::^ % Islac^sc^S^ v 2s^ /itsaao 

f330£2 G3C2o G3C3C3p 1930p Po ©Go 

2o3o 3o9ol!l3^vcaGU^ nopO!?'G pifQcoauC^ SG^i?aGt;ilC3£:2. ^Tn^JonSltra 
C3 £!acc»e:G3lc3C3lcn? CerpcscSop "^ilcGxisljGap 2939« 
^oSoniCslt^jnap 1^0 SoI^C^GQPiGOg S!laas?ao EiMsjop 

voe^ les?) 

USSo S^AoS^ai^jqpTnao irQoSoTcvol^tse?^?^ S^o SoBag^loGaplaa Q ip>d 

Vec?7caa!^p Haia?: SSS^o 2^© ISSsJ 

2S9«» AoP©£-3o2.cifeopp noKoYatEovlGivap KoYoKpistal^Rgrip AoX>©Ab!siiS{> 

a&Mo sss| asssj 

SXL'Oo A«I>oAt3tllBf> AoPoSilOiBlSOP QliS JsoPo^S^alPC^Qp 2^121? • fla© 
Ishto©» ^P 8383^ 3.939^ 

2‘SS.o AoDoAbSdlDo AoPoGjsalBTiaPp £S©KoYalsic?'7i©VQp L^PoMoshipcfTa^ 
latopGatlcaal cia Haspcsaolesolsp CS&esslotpy ■ 

(ncG3(53p 29a0)p S3Otl03 Zip IsS© AlMdo Saafe 33^p 
t!osec3p jlS39p po 410® 
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j . 3 - the dependeac© of oCCe^^"**) on dose rote In aolatica 

of the mixture of Ce(SQ^)g and Tig 80^ (ooneeatra** 
tica is 8*10"^ and 1*10*"^ respectively) 
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